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THE HAEMOPOIETIC ACTIVITY OF FOLIC ACID 
TREATED WITH XANTHINE OXIDASE?! 


By W. JACOBSON anv PHYLLIS M. GOOD 
(From the Strangeways Research Laboratory, Cambridge, England) 


In the following paper experiments will be described which show that folic 
acid, when treated with xanthine oxidase preparations, is partially converted 
into a substance which, when tested in cases of pernicious anaemia, may show 
greater haemopoietic activity than folic acid. Brief reports of some of these 
experiments, conducted between 1946 and 1949, have been presented previously 
(Jacobson and Good, 1949). In 1944 Wieland and Liebig found that milk had 
the property of oxidizing xanthopterin to leucopterin. Since the pterin and 
purine ring systems are similar, this observation suggested that the enzyme 
xanthine oxidase, present in milk and liver, might be responsible for this oxida- 
tion. It was therefore decided to investigate the action of xanthine oxidase on 
folic acid and also on xanthopterin, as the pterin ring is present in both com- 
pounds. Recent work by Shive, Bardos, Bond, and Rogers (1950), Pohland, 
Flynn, Jones, and Shive (1951), May, Ravel, Bardos, Sutherland, and Shive 
(1951), and Brockman, Roth, Broquist, Hultquist, Smith, Fahrenbach, Cosulich, 
Parker, Stokstad, and Jukes (1950) on the chemical nature of the Leuconostoc 
citrovorum factor indicates that this compound may be a tetrahydro derivative 
of folic acid, and that it carries a formic acid residue, probably attached to the 
N5 position. This compound is thought to be the functioning form of folic 
acid (Broquist, Stokstad, and Jukes, 1950). In this connexion some in vitro 
experiments will be reported which may throw light on the mode of action 
of xanthine oxidase on folic acid. It will be shown that xanthine oxidase is an 
enzyme which may not only oxidize folic acid, but may reduce it under given 
circumstances to dihydrofolic acid, and also to tetrahydrofolic acid. That this 
reduction can occur on the pteridin moiety is indicated by experiments with 
xanthopterin. 
Methods 


Preparation of xanthine oxidase from milk. Three methods were used for the 
preparation of this enzyme; only method 3 is recommended for routine pre- 
parations. 

Method 1 consisted of the first steps in the preparation of xanthine oxidase as 
described by Dixon and Kodama (1926) ; it was used in Case 1 only. 

Method 2 followed the first steps in the preparation of xanthine oxidase as 


described by Toyama (1933) ; it was used in Case 2 only. 
Method 3. The authors are indebted to Dr. D. E. Green for this method, 


which is a modification of the technique of Green and Dixon (1934). The crude 
1 Received May 29, 1951. 
Quarterly Journal of Medicine, New Series XXI, No. 81, January 1952. B 


gosto’ 

oF MEDICINE 


2 W. JACOBSON AND PHYLLIS M. GOOD 


xanthine oxidase used in the enzyme-treated folic acid preparations in Cases 3 
and 4 was prepared by this method: 
1. Cream was mixed with an equal volume of distilled water which contained 
enough sodium chloride to saturate the mixture (about 37 gm. of NaCl per 
100 ml. of final volume). 
2. It was then stirred and filtered without suction. 
3. The clear filtrate was mixed with an equal volume of saturated ammonium 
sulphate and filtered without suction. 
4. The moist precipitate was collected and pressed between filter-paper in 
order to remove any excess fluid. The precipitate was not allowed to dry. 
5. This precipitate was resuspended in one-seventh molar phosphate buffer 
(pH 7-3). Ifnecessary the pH was adjusted with normal sodium hydroxide. 
An orange-red, clear solution was obtained. 


It was found that the fraction obtained from skimmed milk had a low enzyme 
activity. Folic acid treated with this fraction had a weaker haemopoietic action 
than folic acid treated with the enzyme prepared from cream (p. 9). It is now 
known that most of the enzyme is adsorbed on the fat particles. 


Preparation of enzyme-treated folic acid. The crude xanthine oxidase prepara- 
tion was suspended in a phosphate solution at pH 7-5. Folic acid was dissolved 
in the phosphate so that the final concentration of the folic-acid-enzyme mixture 
was folic acid 1 to 3 mg. per ml. and enzyme 10 to 33 mg. per ml. This mixture 
was then incubated under aerobic conditions for about three hours at 37° C. 
On removal from the incubator the mixture was twice heated at 60°C. in a 
water-bath for 30 minutes and centrifuged. The supernatant fluid was pipetted 
off under sterile conditions. A small amount of chloroxylenol was then added to 
the fluid and it was stored in the ice-box until required. A sterility test was done 
before the fluid was injected. 

Amounts varying between 2 and 4 ml. were injected intramuscularly in cases 
1 to 4. The material injected was derived from 3 to 9 mg. of folic acid, depending 
on the preparation. The crude xanthine oxidase and the enzyme-treated folic 
acid should be used as soon as possible after their preparation. 


Clinical Results 
The increased haemopoietic activity of xanthine-oxidase-treated folic acid in four 
patients with pernicious anaemia. All four patients had typical Addisonian per- 


nicious anaemia. On admission their sternal marrows showed characteristic . 


megaloblastic erythropoiesis. Their initial erythrocyte counts were well below 
2,500,000 per c.mm., and there was marked macrocytosis, with poikilocytes and 
microcytes. All four patients had leucopenia and some large neutrophil leuco- 
cytes with over-segmented nuclei. They also had elevated serum-bilirubin levels, 
histamine-refractory achlorhydria, and atrophic tongues. There was no occult 
blood in the stool in any case. All four patients had minor neurological symp- 
toms, such as mild paresthesia in the fingers or toes. Throughout the investiga- 
tion all the patients were kept on a diet free from liver and kidney ; their meat 
intake was low. Haemoglobin was determined by the acid-haematin method, 
which was standardized against a photoelectric determination of oxyhaemo- 
globin and against crystalline haematin, so that considerable accuracy was 
achieved. Percentage figures of haemoglobin refer to 14-5 gm. per 100 ml. as 100 


da 
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per cent. The erythrocyte values were obtained by duplicate counts, and the 
same pipettes were used for each patient. The reticulocyte values were obtained 
by counting at least 2,000 red blood-cells. 


Case 1 (Fig. 1). On admission this patient’s blood count showed haemo- 
globin 6-4 gm. per 100 ml. (44 per cent.), erythrocytes 1,750,000 per c.mm., 
and leucocytes 5,000 per c.mm. There were 68 per cent. neutrophils, 27 per 
cent. lymphocytes, 3 per cent. monocytes, 1 per cent. eosinophils, and 1 per 
cent. basophils. The mean corpuscular haemoglobin was 36-6 pug., and there 
were 14,000 reticulocytes (0-8 per cent.) per c.mm. The next day the reticu- 
locyte value was 10,000 per c.mm. (0-6 per cent.), and the patient was given a 
single intramuscular injection of 12 mg. of folic acid. The reticulocytes showed 
an insignificant rise, with a peak value of 66,000 per c.mm. (4-2-per cent.), on the 
ninth day after the injection. During the 11 days which followed the injection 
no significant blood changes were observed. 


Before intramuscular injection 
of 12 mg. of folic acid 11 days after injection 
Haemoglobin (gm. per 100 ml.) . 6-4 (44%) 6-2 (43%) 
Red blood-cells per c.mm. 1,750,000 1,520,000 
Mean corpuscular haemoglobin 
(wpg-) 36-6 40 


It was decided that no further response could be expected after the 11th 
day, and that the initial single dose had failed to produce a significant effect. 
During this period there was no clinical improvement ; therefore the patient was 
given a single intramuscular injection of 8 mg. of enzyme-treated folic acid. A 
significant rise in haemoglobin, erythrocytes, and reticulocytes followed, and 
was accompanied by marked clinical improvement. On the sixth day the reticu- 
locytes were 210,000 per c.mm. (10-8 per cent.), and on the eighth day 210,000 
per c.mm. (10-2 per cent.). The blood counts were as follows: 


Before intramuscular injection 
of 8 mg. of enzyme-treated folic 
acid 10 days after injection 
Haemoglobin (gm. per 100 ml.) . 6-2 (43%) 7:5 (52%) 
Red blood-cells per c.mm. 1,520,000 2,260,000 
Mean corpuscular haemoglobin 
(upg) 40 33 


It was concluded that 8 mg. of enzyme-treated folic acid produced a signi- 
ficant increase in erythrocytes and haemoglobin, while 12 mg. of untreated 
folic acid failed to do so. Follow-up data concerning Case 1 were recorded until 
the blood counts reached a normal level, and will be found on p. 9. 


Case 2 (Fig. 2). On admission this patient’s blood count showed haemoglobin 
4-9 gm. per 100 ml. (34 per cent.), erythrocytes 1,240,000 per c.mm., and 
leucocytes 3,800 per c.mm. There were 2 per cent. myelocytes, 40 per cent. 
neutrophils, 50 per cent. lymphocytes, 4 per cent. monocytes, 3 per cent. 
eosinophils, and 1 per cent. basophils. The mean corpuscular haemoglobin was 
39-5 pug., and there were 21,000 reticulocytes per c.mm. (1-7 per cent.). There 
were four normoblasts and one megaloblast per 200 leucocytes. One intra- 
muscular injection of 10 mg. of folic acid was given. This small dose produced 
an irregular, sustained reticulocyte response (Fig. 2). Associated with this rise 
in reticulocytes was a slow increase of erythrocytes and haemoglobin, which 
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persisted for about three weeks. Between the 19th and 25th days after the injec- 
tion the values for haemoglobin and erythrocytes showed insignificant changes. 


Before intramuscular 


injection of 10 mg. of 19 days 25 days 
folic acid after injection after injection 
Haemoglobin (gm. per 100 ml.) 4-9 (34%) 6-1 (42%) 6-4 (44%) 
Red blood-cells per c.mm. < 1,240,000 1,810,000 1,860,000 


Mean corpuscular haemoglobin 
Reticulocytes (perc.mm.) 21,000 (1:7%) 130,000 (7-2%) 98,000 (5-3%) 


FA. EFA. 


10mg. 3ng. Hb. 
FA. EFA. 
S 400 4 116 80 
300 3+ 487 60 
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Fic. 1. Case 1. Response of the Fic. 2. Case 2. Response of the patient 


patient to intramuscular in- to intramuscular injections of 10 mg. 
jections of 12 mg. of folic acid of folic acid (F.A.) and 3 mg. of 
(F.A.) and 8 mg. of xanthine- xanthine-oxidase-treated folic acid 
oxidase-treated folic acid (E.F.A.). 

(E.F.A.). 


———— Haemog/obin 
Red blood-cells (millions per ¢.mm) 
Reticulocytes (thousands per cmm,) 


There was still marked macrocytosis, with poikilocytes and microcytes. 
Sternal puncture on the 19th day showed typical megaloblastic erythropoiesis, 
with numerous basophil megaloblasts, which amounted to 15 per cent. of all 
nucleated cells, or 23 per cent. of all immature red cells. Mitotic figures were 
seen among them. The patient showed slight clinical improvement during this 
period. It was decided to give a single intramuscular injection of 3 mg. of 
enzyme-treated folic acid. The enzyme was prepared from cream by method 2. 
The reticulocytes reached a peak value of 301,000 per c.mm. (13-7 per cent.) on 
the fifth day after the injection. Within 14 days after the injection the haemo- 
globin had risen by 3-3 gm. per 100 ml., and the erythrocytes had increased 
by 1,310,000 per c.mm. The values for haemoglobin, erythrocytes, and mean 
corpuscular haemoglobin were as follows: 
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Before intramuscular injection 
of 3 mg. of enzyme-treated folic 
acid 


14 days after injection 
Haemoglobin (gm. per 100 ml.) . 6-4 (44%) 9-7 (67%) 

Red blood-cells per c.mm. 1,860,000 3,170,000 

Mean corpuscular haemoglobin 


34-4 30-6. 
During this the showed striking clinical improvement. 


From these results it is seen that this patient responded to a single injection 
of 10 mg. of folic acid with a slow rise in erythrocytes and haemoglobin, asso- 
ciated with an irregular, prolonged reticulocyte response, persisting for 25 days. 
A single injection of 3 mg. of enzyme-treated folic acid resulted within 14 days 
in a maximum increase in erythrocytes and a regular reticulocyte response. 
This patient’s blood picture was restored to normal by treatment with enzyme- 
treated folic acid. Subsequent treatment in Case 2 will be discussed on p. 9. 


Case 3 (Fig. 3). On admission this patient’s blood count showed haemoglobin 
5-7 gm. per 100 ml. (39 per cent.), erythrocytes 1,275,000 per c.mm., and leuco- 
cytes 3,200 per c.mm. The haematocrit reading was 15-3 per cent. The mean 
corpuscular volume was 120 c.u, and the mean corpuscular haemoglobin 45 pyg. 
Reticulocytes numbered 8,900 per c.mm. (0:7 per cent.). The patient was 
extremely ill, and on admission he was given 1 ml. of liver extract (15 units) 
intramuscularly. To this he showed a typical response, with a reticulocyte peak 
of 258,000 per c.mm..(17-6 per cent.) on the sixth day. Eighteen days after the 
injection the reticulocytes had fallen to 6,000 per c.mm. (0-3 per cent.). The 
erythrocytes were still markedly macrocytic, and large neutrophils with over- 
segmented nuclei were present. The patient had improved clinically, but was 
still weak. The effect of the liver extract was as follows: 


Before intramuscular injection 
of 15 units of liver extract 18 days after injection 
Haemoglobin (gm. per 100ml.) . 5:7 (39%) 7-4 (51%) 
Red blood-cells per c.mm. 1,275,000 2,130,000 
Mean corpuscular haemoglobin 


Mean corpuscular volume (c. pb). 120 108: 
Haematocrit per cent. . ‘ 15-3 23 


His blood count did not show any improvement between the 10th and 18th 
days after the injection of liver extract. Therefore he was given one intramuscu- 
lar injection of 4 mg. of enzyme-treated folic acid. The reticulocyte peak 
occurred on the seventh day with 227,000 per c.mm. (9-9 per cent.). The effect 
of 4 mg. of enzyme-treated folic acid is shown below. 


Before intramuscular injection 
of 4 mg. of enzyme-treated folic 
; acid 10 days after injection 
Haemoglobin (gm. per 100 ml.) 7-4 (51%) 8-7 (60%) 
Red blood-cells per c.mm. 2,130,000 2,840,000 
Mean corpuscular haemoglobin 

35 
Mean corpuscular volume (c # 108 
Haematocrit per cent. 23-0 


The clinical improvement was marked. Thus the effects of 15 units of liver 
extract and 4 mg. of enzyme-treated folic acid were about equal. No further 
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improvement was observed between the 10th and 14th days after the injection 
of the enzyme-treated folic acid. Four mg. of synthetic folic acid were therefore 
given as a single intramuscular injection, in order to test the effect of this dose 
without the action of the enzyme. The reticulocytes on the day of injection 
were 19,000 per c.mm. (0-7 per cent.). A slight reticulocyte peak occurred on the 


FA. EFA. FA. 
Omg. $mg. 5g. 


liver ext. EFA. EA. | | | 
iu. 4mg. & 


20 20 30 
DAYS DAYS 
Case 3 Case 4 
Fic. 3. Case 3. Response to intra- Fic. 4. Case 4. Response to 10 mg. of 
muscular injections of 15 units of liver folic acid (F.A.), 5 mg. of xanthine-oxidase- 
extract, 4 mg. of xanthine-oxidase- treated folic acid (E.F.A.), and 5 mg. of 
treated folic acid (E.F.A.), and 4 mg. of folic acid. 
folic acid (F.A.). 
Red blood-cells (millions per c.mm) 
Reticulocytes (thousands per cmm) 


sixth day with 98,000 per c.mm. (3-7 per cent.). Nine days after this injection 
the patient’s blood count was as follows: 
Before intramuscular injection Nine 
of 4 mg. of folic acid days after injection 
Haemoglobin (gm. per 100 ml.) . 8-7 (60%) 8-9 (61%) 
Red blood-cells per c.mm. 5 2,770,000 2,840,000 
Haematocrit per cent. 28-7 30 


From this insignificant response it was concluded that 4 mg. of enzyme-treated 
folic acid had a much greater effect than 4 mg. of folic acid. The patient was dis- 
charged from the hospital, and his further progress could not be followed. 


Case 4 (Fig. 4). On admission this patient had the following blood count: 
haemoglobin 5-8 gm. per 100 ml. (40 per cent.), erythrocytes 1,460,000 per 
c.mm., and leucocytes 4,000 per c.mm. There were 1 per cent. myelocytes, 1 per 
cent. monocytes, 59 per cent. neutrophils, and 39 per cent. lymphocytes. The 
haematocrit reading was 20 per cent. The mean corpuscular volume was 
137 c.u, and the mean corpuscular haemoglobin 39-8 pug. Reticulocytes num- 
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bered 50,000 per c.mm. (3-6 per cent.), and there was one megaloblast per 100 
leucocytes. This patient received a single intramuscular injection of 10 mg. of 
folic acid. The reticulocytes reached a peak value of 232,000 per c.mm. (15-5 
per cent.) on the fourth day after the injection. Two weeks later the reticulo- 
cytes had fallen to 60,000 per c.mm. (3-0 per cent.). The effect of 10 mg. of folic 
acid was as follows: 


Before intramuscular injection 
of 10 mg. of folic acid 14 days after injection 

Haemoglobin (gm. per 100 ml. ) 5:8 (40%) 7-2 (49%) 
Red blood-cells per c.mm. 1,460,000 2,020,000 
Mean corpuscular volume 137 122 
Mean haemoglobin 

39-7 35-6 
Haematocrit per cent. 20-0 25-0 


The patient, who had been weak and disoriented, showed some improvement. 
On the 14th day after the injection of folic acid 5 mg. of enzyme-treated folic 
acid were given intramuscularly. The reticulocytes rose to 354,000 per c.mm. 
(15-4 per cent.) on the sixth day. Fourteen days after the injection of enzyme- 
treated folic acid the following values were obtained : 


Before intramuscular injection 
of 5 mg. of enzyme-treated folic 
acid 


14 days after injection 
Haemoglobin (gm. per 100 ml.) . 7-2 (49%) 8-7 (60%) 
Red blood-cells per c.mm. F 2,020,000 2,770,000 
Mean corpuscular volume (c.u)_ . 122 106 
Mean 
(upg) 35:6 31-4 
per cent. 25-0 29-5 


This result indicated that 5 mg. of enzyme-treated folic acid were more 
effective than 10 mg. of synthetic folic acid alone, since an increase of 750,000 
erythrocytes per c.mm. at a 2,000,000 level requires a greater haemopoietic 
stimulus than an increase of 560,000 at a 1,460,000 level. The patient showed 
remarkable clinical improvement. In order to decide whether 5 mg. of folic 
acid alone could produce a similar response, this amount of untreated folic acid 
was given intramuscularly. The reticulocyte peak on the fifth day was 58,000 
per c.mm. (2-1 per cent.). After 11 days the reticulocytes had dropped to 
8,000 per c.mm. (0:3 per cent.). The effect on the haemoglobin and red cells was 


as follows: 
Before intramuscular injection 
of 5 mg. of folic acid 11 days after injection 
Haemoglobin (gm. per 100 ml.) . 8-7 (60%) 9-1 (63%) 
Red blood-cells per c.mm. . 2,770,000 2,820,000 
Mean corpuscular volume (c.p) 106 113 
Mean — haemoglobin 
‘ 31-4 32:3 
Haematocrit per cent. . . 29-5 32 


The macrocytosis was now more pronounced. 


This result means that 5 mg. of folic acid produced an insignificant response, 
whereas 5 mg. of enzyme-treated folic acid produced a significant improvement 
in the blood picture. This patient left the hospital and could not be followed 
up. Table I summarizes the results obtained in Cases 1 to 4. 
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Subsequent treatment. The subsequent course of treatment in Cases 1 and 2 
was as follows. 

Case 1. Ten days after the injection of 8 mg. of enzyme-treated folic acid, 
the patient’s haemoglobin had reached a level of 7-5 gm. per 100 ml. (52 per 
cent.), and the erythrocytes numbered 2,260,000 per c.mm. Five injections of 
enzyme-treated folic acid, spread over a period of 43 days, raised the haemo- 
globin to 13-1 gm. per 100 ml. (90 per cent.), and the erythrocytes to 4,160,000 
per c.mm. The amount of enzyme-treated folic acid given at each injection 
varied from 3 to 3-8 mg. The total amount given was 16-6 mg. Two of these 
injections, each of 3 mg., had little or no effect on the blood picture, for un- 
known reasons. All the enzyme-treated folic acid preparations were made with 
crude xanthine oxidase according to method 1. The erythrocytes were then 
maintained at a level of 5,000,000 per c.mm. with liver extract. 


Case 2. Fourteen days after the first injection of enzyme-treated folic acid this 
patient’s haemoglobin had reached a level of 9-7 gm. per 100 ml. (67 per cent.), 
and the erythrocytes numbered 3,170,000 per c.mm. He was then given one 
injection of 9 mg. of enzyme-treated folic acid, and ten days later this was re- 
peated. The folic acid in both these 9 mg. preparations had been treated with 
crude xanthine oxidase made from skimmed milk by method 1 (p. 2). Each of 
these injections resulted in an increase of 300,000 erythrocytes per c.mm. This 
increase could be accounted for by the amount of unaltered folic acid present. 
The xanthine oxidase activity of the enzyme material used was extremely low. 

For a subsequent period of 41 days this patient received four injections of 
enzyme-treated folic acid, of 3 to 4 mg. each, totalling 13 mg. The enzyme was 
prepared from cream by method 2. Of these four injections two were found to 
be clinically inactive for unknown reasons; one of these had been autoclaved. 
Thus it may be said that two injections totalling 7 mg. of enzyme-treated folic 
acid increased the haemoglobin per 100 ml. from 12-2 gm. (84 per cent.) to 14:5 
gm. (100 per cent.), and the erythrocytes from 3,960,000 to 4,840,000 per c.mm., 
within 25 days. He was then treated as an out-patient, and 4 mg. of enzyme- 
treated folic acid were injected at monthly intervals. His erythrocyte count re- 
mained at a level of 5,000,000 per c.mm. for four months. During the fifth month 
of his attendance at the out- patient department the haemoglobin and erythro- 
cytes dropped to 13-1 gm. per 100 ml. (90 per cent.) and 4,500,000 per c.mm. 
respectively, and consequently liver extract was given. It can be concluded that 
4 mg. of enzyme-treated folic acid, injected at monthly intervals, were not 
sufficient to maintain his erythrocyte count at a level of 5,000,000 per c.mm. 


Method of Testing the Activity of Haemopoietic Substances 

It is generally recognized that a given amount of liver extract will produce a 
greater response in a patient with a low blood count than in another with a 
higher count. A similar relationship is found between the responses to haemo- 
poietic substances in the same patient ; at a low blood level the response is greater 
than at a higher level. This inverse relationship applies also to the output of 
reticulocytes (Fig. 5). Several methods are available for testing the haemopoietic 
activity of unknown material in patients with pernicious anaemia. It was 
found that the following method for testing such material was satisfactory. 
After a blood count had shown that the erythrocytes were well below 3,000,000 
and the reticulocytes at a low level, a single injection of haemopoietic material 
was given. Daily reticulocyte counts were made for eight or more days after 
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the injection, and blood counts were repeated at frequent intervals during this 
period. If no significant rise in the reticulocyte count was observed during this 
period, another single injection was given. This could be either (1) an increased 
amount of the material given in the first injection, (2) a material of known hae- 
mopoietic activity, or (3) another unknown substance. If, on the other hand, the 


TABLE II 
Injections of Liver Extracts (Cases 5 to 7) 
Case 
number First injection Time interval Second injection Remarks 
5 4 ml. 15 days 4 ml. The same extract in 
(Fig. 5) both injections 
6 2 ml. 10 days 2 ml. Two batches of the 
(Fig. 5) same extract 
7 140 mg. A,* 22 days 2 mg. V; 2 mg. fraction V, 
(Fig. 5) have the same 
potency as 140 
mg. fraction A, 
* Capital letters denote liver fractions. 
IIT 
Injections of Liver Extracts (Cases 8 to 12) 
Case First First Second Second Third 
number injection interval injection interval injection Remarks 
8 13 mg. 10 days 18 mg. 13 days 35mg. Thesame liver fraction was used forinjections 
(Fig. 6) 1, 2, and 3 
9 4ml.A* 12days 4ml.B 13 days 8ml.A Injections 1 and 3 were of the same liver ex- 
(Fig. 6) tract A. The third injection, given as two 
4 ml. doses on consecutive days, produced 
a slightly irregular reticulocyte response. 
The second injection was of a liver extract 
B, known to be of greater potency than A, 
in a 4 ml. dose 
10 7 mg. C 10days 130mg.D 10days 140mg.E Fraction Cin a7 mg. dose, given as the first 
(Fig. 7) injection, was nearly as effective as 140 mg. 
of fraction E, given as the third injection, 
while 130 mg. of fraction D were the least 
potent (second injection) 
‘11 20 mg. F 6days 200mg.G 14days 80mg.F The second injection, 200 mg. of fraction G, 
(Fig. 7) produced a maximum response. Fraction 
F was inactive in a 20 mg. dose (first injec- 
tion) and slightly active in an 80 mg. dose 
(third injection) 
12 28mg.M, illdays 100mg.H 6days 100mg.K Fraction M, in a 28 mg. dose had slight 
(Fig. 7) activity 


12days 260mg.L Fraction H in a 100 mg. dose had no activity 

(thirdin- (fourth in- (known to be active in a 400 mg. dose). 

terval) jection) Fraction K in a 100 mg. dose and fraction 
L in a 260 mg. dose were both effective 


* Capital letters denote liver fractions. 


reticulocytes increased after the first injection, the reticulocyte, erythrocyte, and 
haemoglobin determinations were continued well beyond the reticulocyte peak, 
until no further increase in haemoglobin and erythrocytes was observed and the 
reticulocytes had declined. Then the patient could be given another injection. 
Examples of these methods of testing liver extracts of known and unknown 
haemopoietic activity are illustrated by Cases 5 to 12. Of these eight cases of 
pernicious anaemia the first three (Cases 5 to 7) illustrate the response which 
can be obtained by two injections of liver extract of known activity. The 
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Fic. 5. Cases 5 to 7. The responses to two injections of liver extracts 
in three cases of pernicious anaemia (Table II). 
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Fic. 6. Cases 8 and 9. The responses to three injections of liver 
extracts in two cases of pernicious anaemia (Table IIT). 
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second injection was not given until the first response was over (Table II; 
Fig. 5). All three cases show that the second injection of a liver extract of the 
same potency produced a separate response. The second reticulocyte response 
was much smaller than the first if the first dose produced a maximum response, 
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and to four injections in one case, of pernicious anaemia (Table ITI). 
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and if the level of erythrocytes had risen to about 3,000,000 per c.mm. The follow- 
ing five cases (Cases 8 to 12) illustrate the effect produced by three separate 
injections, each of which produced a distinct response (Table III ; Figs. 6 and 7). 
If a subsequent response is as great as, or greater than, the preceding one, it is 
safe to assume that it is due to a greater potency of the second dose. In con- 
clusion it may be said that, in suitable cases of pernicious anaemia, single in- 

jections of haemopoietic substances given at reasonable intervals will produce 
distinct responses in reticulocytes, erythrocytes, and haemoglobin. It therefore 


appears permissible to draw conclusions as to the haemopoietic activity of un- 
known substances by this method. 


Laboratory Experiments with Xanthine Oxidase Preparations 
The following observations may throw some light on the possible mode of 


action of xanthine oxidase on folic acid. The crude xanthine oxidase was found 
to (1) oxidize hypoxanthine to xanthine and uric acid, (2) oxidize xanthopterin 


i i 145 100 
H 
400 
ua H 
300 3h H 
Aa H 4 / 


THE HAEMOPOIETIC ACTIVITY OF FOLIC ACID 13 


to leucopterin, and also to reduce xanthopterin under given conditions, and (3) 
oxidize and reduce folic acid under given conditions. 
Folic acid as a hydrogen donator. When folic acid was incubated anaerobically 
at 37° C. with the crude enzyme in the presence of 2,6-dichlorophenolindo- 
phenol, the indicator became pale green, almost colourless, after 16 minutes. 
This result suggested that folic acid was enzymatically oxidized under the con- 
ditions of the experiment. The folic acid and also the dihydrofolic acid used were 
free from 6-formyl-pteridin (‘6-aldehyde’), since the results of Schiff’s test were 
negative. They were also free from ten other 6- and/or 7-substituted pteridins. 
Thus the results obtained were not due to the presence of a contaminant of this 
type. The quantities used were 0-5 ml. of enzyme solution (100 mg. dry matter 
per ml.), 0-3 ml. of phosphate buffer at pH 7-3 to 7-4, and 0-2 ml. of 2,6-dichloro- 
phenolindophenol (2-5 mM per ml.). In the side arm of the Thunberg tube were 
2 ml. of folic acid (5 mg. = 11 mM per ml.). If, instead of folic acid, the dihy- 
dro form of folic acid was used, the indicator became colourless in 11 minutes. 
This indicated that the dihydrofolic acid could also be oxidized. In the con- 
trol tube, containing the enzyme and 2,6-dichlorophenolindophenol only, no 
change in colour was observed after one hour at 37°C. When the tubes con- 
taining the reduced indicator were opened, the original colour of the indicator 
was gradually restored. This colour returned instantaneously if a small quan- 
tity of potassium ferricyanide was added. Williams and Elvehjem (1949) re- 
cently suggested that a small amount of folic acid might be oxidized by xanthine 
oxidase. 

Reduction of xanthopterin by xanthine oxidase preparations (Jacobson and 
Good, 1949). When a solution of hypoxanthine, methylene blue (MB), and 
xanthine oxidase (XO) was incubated anaerobically in a Thunberg tube, the 
methylene blue was reduced (reaction 1). On addition of xanthopterin from 
the side arm, reduced methylene blue (H,MB) was reoxidized and xanthopterin 
reduced (reaction 2). 


Reaction 1: hypoxanthine -+MB uric acid -+-H,MB. 
Reaction 2: H,MB-+-xanthopterin MB-+reduced xanthopterin. 


Folic acid as hydrogen acceptor (Jacobson and Good, 1949). The following 
experiment showed that under certain conditions xanthine oxidase may reduce 
folic acid. A solution of hypoxanthine, methylene blue, and xanthine oxidase 
was incubated anaerobically in a Thunberg tube (reaction 1). After the reduc- 
tion of methylene blue, folic acid (FA) was added from the side arm. The re- 
duced methylene blue (H,MB) was then reoxidized and folic acid hydrogenated 
(reaction 2). 

Reaction 1: hypoxanthine +MB uric acid-++-H,MB. 


Reaction 2: H,MB+FA—°>MB-+H,FA. 


The quantities used were 0-3-ml. hypoxanthine (2-5 mM per ml.), 0:2 ml. 
methylene blue (2-5 mM per ml.), 1 ml. folic acid (11 mM = 5 mg. per ml.), and 
0-5 ml. phosphate buffer at pH 7-3 to 7-4. The addition of 2 mg. of folic acid to 
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this system was not sufficient to bring about the reoxidation of methylene blue. 
Some of the methylene blue formed in reaction 2 would be available for reaction 1. 
Only a relatively smail proportion of folic acid appeared to be reduced in reaction 2, 
since 5 mg. of folic acid were required to reoxidize the reduced methylene blue 
in this system. That the reduction of folic acid under these conditions is depen- 
dent on the function of the enzyme was shown by immersing the Thunberg tube 
in boiling water for five minutes after reaction 1. This destroyed the enzyme. 
On addition of folic acid the reduced methylene blue could not be reoxidized. 
The reoxidation of the reduced methylene blue under the same conditions could 
also be effected by dihydrofolic acid. Therefore it appeared that the reduction 
of folic acid may occur in two stages, first to a dihydro form and then to a tetra- 
hydro form. It should be noted that the synthetic dihydrofolic acid used in 
these experiments was not necessarily identical with the dihydrofolic acid which 
may occur in the enzymatic reduction. There appear to be at least two dihydro 
derivatives of folic acid (O’Dell, Vandenbelt, Bloom, and Pfiffner, 1947). The 
dihydrofolic acid was a yellow, rather stable compound. Tetrahydrofolic acid, 
on the other hand, is a nearly colourless substance which, in solution, may 
undergo oxidation when exposed to air. 

Summary of the action of xanthine oxidase. Green (1934) found that xanthine 
oxidase can act as a ‘dismutase’; xanthine could be partially oxidized to uric 
acid and partially reduced to hypoxanthine, In the preceding paragraphs it has 
been shown that a dismutation may occur in the case of xanthopterin and also of 
folic acid. Both these compounds may be reduced and oxidized by the enzyme. 
The similarity between the reduction of xanthopterin and folic acid — 
that the reduction may take place on the pterin ring. 


Discussion 

The haemopoietic activity of enzyme-treated folic acid. Considerable variation 
in the magnitude of response to a given amount of a haemopoietic substance is 
known to exist among patients with pernicious anaemia. It is not known 
whether this is due to the degree of depletion of folic acid, of vitamin B,,, or of 
other factors. Whatever the explanation, it is essential to establish an ‘internal 
standard’ for each patient. It was for this reason that an initial injection of folic 
acid or liver extract was given in Cases 1 to 4. From Table I it may be seen 
that in Cases 2 and 4 there was a moderate response to 10 mg. of folic acid. It 
was reasonable to suppose that 3 to 5 mg. of enzyme-treated folic acid would 
have a smaller effect on the blood picture if the haemopoietic activity of folic 
acid had not been increased. In fact, in Case 2 there was a maximum re- 
sponse to 3 mg. of enzyme-treated folic acid, and in Case 4 an almost maximum 
response to 5 mg. of enzyme-treated folic acid (Table I). Similarly, Case 1 failed 
to respond to 12 mg. of folic acid. Therefore it was not likely that this patient 
would respond to 8 mg. of enzyme-treated folic acid unless the haemopoietic 
activity of folic acid had been enhanced by treatment with the enzyme. Table I 
shows that a good response was obtained with 8 mg. of enzyme-treated folic acid. 
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It might be argued that the results obtained with enzyme-treated folic acid 
were due (1) to the ‘sensitization’ of the patient, by the first injection of a 
haemopoietic substance, to a subsequent injection of the same or of other haemo- 
poietic substances, so that an ineffective dose might become effective, or (2) to 
an additive effect, because in all four cases the injection of enzyme-treated 
folic acid was preceded by the injection of haemopoietic material. 

1. ‘Sensitization’ of the patients appeared unlikely for the following reasons: 
(a) if sensitization occurred, a patient whose erythrocyte count had been raised 
from 1,500,000 to 2,500,000 per c.mm. by a given amount of a haemopoietic 
substance would need a smaller amount of the same substance to increase the 
erythrocyte count from 2,500,000 to 3,500,000 per c.mm. Clinical experience 
shows that a greater amount of the same haemopoietic substance will be re- 
quired to achieve this increase. (b) Isaacs, Bethell, Riddle, and Friedman 
(1938) published curves demonstrating the slowing down of the rate of increase of 
erythrocytes at higher levels under optimal conditions of treatment. Wintrobe 
(1946) stated that in a severely anaemic patient 15 units of a liver extract may 
produce a rise of 1,000,000 erythrocytes per c.mm. within 14 days; and when 
the initial count is 3,000,000 or more per c.mm., 30 units may be required to 
raise the erythrocyte level by 1,000,000 per c.mm. (c) If the bone-marrow had 
been ‘sensitized’ to small amounts of folic acid, the 5 mg. of folic acid given at 
the third injection in Case 4 should have produced a significant rise in reticu- 
locytes, erythrocytes, and haemoglobin. It failed to do so. Similarly, the 4 mg. 
of folic acid given as the third injection in Case 3 failed to produce a significant 
response. It can therefore be assumed that there is no evidence that the results 
were due to ‘sensitization’ of the patients. 

2. It is unlikely that there was an additive effect, because (a) the enzyme- 
treated folic acid was not injected unless erythrocytes and haemoglobin had 
ceased to increase, and thus a previous haemopoietic stimulus had subsided ; 
(5) the period from the initial injection of haemopoietic material to the injection 
of enzyme-treated folic acid varied from 12 to 24 days. This interval ensured 
that an additive effect, such as that observed in a scheme of daily doses, could 
be excluded. 

It may be concluded that the haemopoietic activity of folic acid has been in- 
creased by treatment with xanthine oxidase preparations. The clinical material 
is too small to warrant any quantitative statement, for the following reasons: 
(1) There is a well-known variability in the magnitude of response to a given 
amount of a haemopoietic factor in patients with pernicious anaemia. (2) The 
enzyme-treated folic acid preparations contained not only the products of 
oxidation and reduction of folic acid, but also unaltered folic acid. At the time 
of the clinical trials no method had been elaborated for a quantitative analysis 
of this mixture, and it was impossible to determine which of the deriva- 
tives of folic acid was the carrier of the increased haemopoietic activity. The 
action of xanthine oxidase preparations alone has not yet been investigated 
owing to the shortage of suitable clinical material. It is known, however, that 
the enzyme-treated folic acid which was injected contained no active enzyme, 
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because it had been heated twice at 60° C. for 30 minutes, and any precipi- 
tate formed had been removed. The precipitate contained also the prosthetic 
groups of the enzyme. 

The physiological role of haemopoietic factors. The oxygen tension is one of the 
most important factors regulating the normal rate of erythropoietic activity in 
the bone-marrow. Decreased oxygen tension, for example at high altitudes, 
leads to increased erythropoietic activity. After loss of blood the immature 
erythrocytes of normal bone-marrow are stimulated by the lowered oxygen ten- 
sion to form a greater number of erythrocytes until the original level has been 
restored, as may be observed after one or two pints of blood have been taken 
from a blood donor. Furthermore, if a patient who has pernicious anaemia is 
made to breathe 50 per cent. oxygen, thus raising the oxygen tension in the 
blood, the injection of a haemopoietic substance is less effective, as was shown 
by Tinsley, Moore, Dubach, Minnich, and Grinstein (1949). These observations 
indicate that lowered oxygen tension leads to the activation of a haemopoietic 
principle. The activity of this principle therefore depends on an equilibrium 
of a substance which is present in a reduced and an oxidized state. Itis tempting 
to think that folic acid, or a derivative of folic acid in its reduced form, may 
play a part in this system. In this connexion it is interesting to note that the 
Leuconostoc citrovorum factor (Broquist, Stokstad, and Jukes, 1950), which may 
be the ‘functioning’ form of folic acid, probably has four extra hydrogen atoms 
in the pteridin moiety of the molecule. Very little is known about the relation- 
ship of vitamin B,, to folic acid. Two facts, however, are of particular interest: 
(1) Vitamin B,, is active in doses of a few micrograms, whereas the activity of 
folic acid is measured in milligrams. (2) Both folic acid and the liver principle 
(presumably vitamin B,,) are required for normal erythropoiesis, as was shown 
by Heinle, Welch, and Pritchard (1948) and by Cartwright, Tatting, Ashen- 
brucker, and Wintrobe (1949). They demonstrated that pigs made deficient in 
both factors failed to respond to folic acid. Nichol, Harper, and Elvehjem 
(1949) showed that both folic acid and vitamin B,, are required for optimal 
regeneration of erythrocytes in the folic-acid deficient anaemic chick. The 
function of folic acid is still unknown, but recent work suggests that folic acid, 
or the Leuconostoc citrovorum factor, a derivative of folic acid, plays an essential 
part during a short phase of cell-division. It is of interest to note that the 
synthesis of ribonucleoprotein in the cytoplasm, and on the prophase and 
metaphase chromosomes of dividing cells, does not require folic acid; but the 
normal movement of the anaphase chromosomes, which is associated with the 
removal of ribonucleoprotein from the chromosomes, requires folic acid or a 
folic acid derivative. It is this process which is blocked by folic acid anta- 
gonists (Jacobson and Webb, 1950; Jacobson, 1951). Little is known about 
the physiological role of xanthine oxidase apart from its function in purine 
metabolism. Westerfeld and Richert (1949 and 1950) showed that rats kept on 
a deficient diet had a low xanthine oxidase content in the liver and kidneys. 
This deficiency could be alleviated by supplementing the diet with liver or 
cream. Folic acid and many other vitamins, including B,., did not affect the 
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deficiency. In this connexion it is of interest that xanthine oxidase, in addition 
to the yellow flavin group, may possibly have a second reddish-coloured pros- 
thetic group of unknown structure (Corran, Dewan, Gordon, and Green, 1939; 
Ball, 1939 ; Morton, 1950). Human milk, which is known to contain only a low 
concentration of xanthine oxidase (Rodkey and Ball, 1946) was found to oxi- 
dize xanthopterin at a correspondingly slow rate. The possibility should be 
kept in mind that xanthine oxidase may play an important part in converting 
folic acid into the Leuconostoc citrovorum factor. 
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Summary 


1. Folic acid treated with xanthine oxidase had greater haemopoietic 
activity in four cases of pernicious anaemia than did folic acid itself. 

2. Xanthine oxidase can not only oxidise xanthopterin, but may also reduce 
it under given conditions. 

3. This enzyme may act in a similar way on folic acid. 
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A FAMILIAL DISORDER OF BLOOD COAGULATION DUE 
TO DEFICIENCY OF THE LABILE FACTOR? 


By A. J. BRINK anp C. 8. KINGSLEY 


(From the Departments of Medicine and Clinical Pathology, University of 
Pretoria) 


A CONSIDERABLE impetus has been given to the study of coagulation defects 
in the blood since the introduction of the one-stage method of prothrombin 
determination by Quick, Stanley-Brown, and Bancroft in 1935. This simple 
technique has facilitated the detection of cases in which a haemorrhagic ten- 
dency is associated with hypoprothrombinaemia. Rhoads and Fitz-Hugh 
(1941) were apparently the earliest to record such a case. Their observations 
were soon followed by others. An excellent summary of cases reported up to 
1948 was made by Hagen and Watson (1948). To these one may add the subse- 
quent case reports of Covey, Cohen, and Papps (1950), Renner (1950), Lewis 
and Ferguson (1950), and Landwehr, Lang, and Alexander (1950). On experi- 
mental grounds Quick soon recognized that the determination of prothrombin 
did not measure a single factor, but that the results represented the interaction 
of several substances. This observation, made in 1943, was independently 
described by Owren (1947) in his studies of a patient with a haemorrhagic 
tendency and a prolonged prothrombin time. In Owren’s case the prolonged 
time would revert to normal on the addition to the patient’s plasma of a plasma 
in which the prothrombin was known to be deficient through treatment with 
a solution of aluminium hydroxide. The deficiency in the patient’s plasma and 
that affecting the plasma treated with aluminium hydroxide could therefore 
not be the same, and Owren concluded that he was dealing with a deficiency of 
some other factor concerned in the coagulation of the blood. He named this 
substance factor v, and called the state of deficiency parahaemophilia. In the 
same year Quick (1947) described two families in which he had found a pro- 
thrombin deficiency. In neither of these was the deficiency similar to that of 
Owren’s case. In the members of one family the deficiency could be partly 
remedied in vitro by the addition of fresh normal plasma, but prothrombin 
values could not be restored to normal. The addition of stored normal plasma 
to the patients’ plasma had the same effect as the addition of fresh plasma. 
Stored plasma is known to be deficient in a labile factor thought to be identical 
with Owren’s factor v. It was therefore concluded that the deficiency could not 
be one of a labile factor, but must involve prothrombin itself. In Quick’s second 
family the affected members were found to have a prolonged prothrombin time 
which could be completely restored to normal by the addition of normal plasma. 
1 Received March 12, 1951. 
Quarterly Journal of Medicine, New Series XXI, No. 81, January 1952. 
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This suggested that the patients possessed a normal concentration of pro- 
thrombin. Their own plasma was also able to restore to normal the prolonged 
prothrombin time of stored normal plasma, thus revealing a normal quantity of 
labile factor. From these cases Quick concluded that a deficiency of at least 
three different factors could be responsible for a prolongation of the prothrom- 
bin time—a labile factor which disappears on storing, and two separate com- 
ponents of prothrombin, named by him components A and B. Subsequently 
this hypothesis was modified (Quick and Stefanini, 1949 a), and prothrombin 
was said to occur in two forms, an inactive precursor and active prothrombin. 
In the meantime Seegers (1950), who with his group of workers had been 
endeavouring to isolate various fractions concerned in the coagulation mecha- 
nism, obtained a substance considered to be prothrombin in a fairly pure form. 
These workers also isolated a substance which they named ac-globulin because 
it could accelerate the formation of thrombin from prothrombin. In their 
opinion this substance was identical with the factor deficient in Owren’s patient, 
factor v, and was therefore presumably the same as the labile factor. Recent 
reports indicate that deficiency of the labile factor may be both inherited 
(Frank, Bilhan, and Ekren, 1950) and occur in familial form in association with 
syndactylism (de Vries, Matoth, and Shamir, 1951). 


The Present Investigation 


The deficiency to be described affected members of a single family, and 
showed itself as a haemorrhagic tendency. Abnormal bleeding had been known 
in the family and in several collateral branches for a few generations. The 
pedigree has been constructed with the able assistance of one of the family. 
The blood of the parents of the affected members, of their sibs, and of the 
children of the sibs, was also examined for the deficient factor. Abnormal 
bleeding had occurred in both the paternal and the maternal ancestors of the 
family, and therefore the two sides of the pedigree are given independently 
(Fig. 1a, 6). From the pedigree it can be seen that B.v.d.W., the mother of the 
proposita, came of a family in which the father is known to have bled abnor- 
mally; he had repeated epistaxes. The granddaughter of one of the sibs of 
B.v.d.W. is known to have bled to death with her first menstrual period. 
B.v.d.W. married C., whose mother’s surname was also v.d.W. The two families 
had lived in neighbouring districts, and on hearsay evidence were believed to 
be related to one another. This marriage produced the proposita, H.M., and 
her sibs, who were subsequently interviewed. Two of the collateral branches in 
the paternal pedigree also produced bleeders. Each of the marriages which 
produced these affected people was between partners among whose immediate 
ancestry the same name, v.d.W., occurred. Their exact relationships have not 
yet been clarified, because the persons questioned were reluctant to admit such 
intermarriage. In the pedigree (Fig. 1b) these suspected intermarriages are 
marked v.d.W. x v.d.W. It will be seen that the bleeding tendency occurred in 
the same generation in all the collateral branches. Both male and female mem- 
bers were affected, and both sexes transmitted the abnormality. The only child 
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of the proposita, a girl aged eight years, and both the daughters of an affected 
sib, aged six years and one and a half years respectively, also showed deficiency 
of the labile factor, but less manifestly than the proposita and her affected sibs. 
Whereas the clinically affected members of the family had prothrombin times 
ranging, as a rule, from 37 to 41 seconds, in these children the times were pro- 


v.d.W. 


The generations are 
numbered as in (6) 
+ 


M 


(a) 


v.dWv.dW. 


Fic. 1. Maternal (a) and paternal (b) pedigrees. The proposita is marked with an arrow. 
C., B.v.d.W., v.d.W.: see text. 


Unaffected 0) Unaffected © Sex unknown. © cases personally ¢ ed. 


Partly affected 


T = Bled to death from extraction of teeth. 6% = Died in infancy. 
M = Bled to death at first menstrual period. 2 = still birth. 
O =Children demented. 


longed to 15 seconds. Children of the normal siblings showed no prolongation 
of the prothrombin time. 

The facts permit two possible explanations of the character of the hereditary 
tendency to bleed. If it were recessive, and if b represents the abnormal and B 
the normal trait, the genotype of the proposita’s parents could only be Bb or 
BB, since neither parent had any haemorrhagic tendency or any prothrombin 
deficiency. The development of the bleeding state in their offspring presupposes 
that both were carriers of the trait, and that the cross occurred as Bb x Bb. The 
expected result would be 1BB : 2Bb : 1bb, or three normals to one bleeder. This 
is the exact proportion in the family investigated, and is also close to the 
proportions in the collateral branches in which the condition occurred. The 
same surname, v.d.W., occurring in marital combination makes it more than a 
supposition that relatives intermarried. Although the closeness of their relation- 
ship is not known, the circumstance increases the probability that a recessive 
gene b may have been carried by both partners to the marriages concerned. The 
alternative explanation is that the bleeding tendency is a dominant gene, B, 


ae 
TT M M x xX x xX XX 
(6) 
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and the normal a recessive, 6. If this were the case one would have to postulate 
a variable penetrance of the abnormal characteristic, owing to its irregular 
appearance in different generations. The possible combinations would then be 
Bb x bb, giving 1Bb : 1bb—one bleeder to one normal child—or, if both parents 
carried the dominant gene, Bb x Bb, giving 1BB : 2Bb : 1bb—three bleeders to 
one normal. The actual ratio of bleeders to normals is more in keeping with the 
former of these combinations. The presence of a dominant gene of this nature 
makes it unnecessary to suppose that both parents were carriers. The presence 
of the deficiency in the children of the affected sibs, although less pronounced, 
strengthens the hypothesis that the inheritance was based on a dominant gene 
with incomplete penetrance. In the marriages of these sibs there was no known 
blood relationship between the parents. Though de Vries, Matoth, and Shamir 
(1951) did not possess a detailed pedigree of their family, the mode of inheritance 
appears to have been similar. These authors also reported a normal prothrom- 
bin activity in the parents of the affected sibs, despite an antecedent history of 
bleeding in the maternal side of the family. Since the affected sibs of their 
family were not yet of marriageable age they had not the opportunity to study 
children of affected members. In the case of Frank, Bilhan, and Ekren (1950) 
it was suggested that the deficiency was a dominant hereditary characteristic, 
because the father was known to have bled excessively. 


Case Reports 


The case of H. M. only, the proposita, will be described in full. Detailed 
investigations were carried out in her case; the presenting symptoms in the 
affected sibs will be mentioned. Prothrombin determinations were made in all 
the sibs, in the parents, in the children of the affected sibs, and in four children 
of a normal sib. 


Case 1. H. M. was a married woman aged 27 years, with a daughter of eight 
years. When five years old the patient bled spontaneously from her gums for 
eight consecutive days, and had to have haemostatic plugs applied. Since her 
sixth year of life she had had repeated epistaxis, frequently lasting from one to 
three days, and usually only controlled by plugging the nose. During the last 
two years these epistaxes had been less frequent. At the age of seven years she 
sustained a trivial wound on the head which bled for several hours. Attacks of 
sore throat were sometimes accompanied by small haemorrhages. A quinsy 
which discharged spontaneously was followed by prolonged bleeding. Recently 
she had wounded her foot, and although the wound did not bleed excessively 
at the time, it suppurated slightly for about four months, and then suddenly 
bled profusely for five hours. During the course of years she had had 10 teeth 
extracted. Bleeding was so severe after these extractions that special measures 
were always required to control it, and on one occasion she had to have a blood 
transfusion. After a recent extraction the haemorrhage had been well con- 
trolled, but a small granuloma developed at the site of the missing tooth and 
bled spontaneously several times. A slight oozing of blood had also occurred 
recently from many of her tooth sockets. These haemorrhages were fairly easily 
controlled by topical applications of commercial thrombin. Subcutaneous 
ecchymoses and bruising of the skin on the slightest trauma had been common 
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occurrences. Menstruation began at the age of 14 years; with the first period 
she bled profusely for 25 days, and had to be given a blood transfusion on the 
21st day. Six months after this a blood transfusion was again necessary on 
account of severe menstrual bleeding. Since that time she had had transfusions 
at intervals of about 11 months for menorrhagia. During 1948 she bled so 
seriously that no less than five blood transfusions of 500 ml. were given in a 
single week. Two and a half years ago (1948) she had developed severe abdomi- 
nal pain and backache. This had been present almost constantly since that 
time, but was considerably aggravated in the week before each menstrual period, 
and lasted for a day or two after the onset of menstruation. So severe was this 
pain on a recent occasion that she was admitted to hospital in view of a possible 
abdominal emergency. On this occasion the pain was not premenstrual. A 
pregnancy in 1942 ran a fairly normal course. Many episodes of nose-bleeding 
occurred, at least up to the seventh or eighth month, but there was no memor- 
able nose-bleeding in the last month of pregnancy. The delivery was not fol- 
lowed by any noteworthy post-partum bleeding, although a blood-stained dis- 
charge persisted for two months afterwards. For two years after delivery she 
required no blood transfusions. The patient also complained that she suffered 
from pain before and during micturition. This symptom was becoming pro- 
gressively worse. She had no frequency of micturition. She also complained of 
occasional headaches, breathlessness on exertion, and an inability to sweat. 
Previous illnesses were poliomyelitis without any residual weakness, scarlet 
fever, measles, rubella, and varicella. These all occurred during her infancy. 

Examination revealed a young, apparently healthy woman, who did not at 
first appear unduly pale. There were a few bruises on her extremities. The 
eyes, including the fundi, were normal. No mucosal haemorrhages were evident. 
The gums were healthy, but many teeth had been filled. The skin was normal 
in texture and general appearance. The pulse was normal in rate, rhythm, and 
volume. The blood-pressure was 140/100 mm. Hg. Clinical examination of the 
heart revealed only an apical systolic murmur on auscultation. The pulmonary 
second sound was accentuated. The lungs showed normal excursions with 
respiration, and the breath sounds were normal in intensity over both lung 
fields. Some involuntary guarding was present over the lower abdomen, with 
more localized tenderness over the hypogastrium. Neurological examination 
showed no abnormalities. The physical findings remained unchanged through- 
out the period of observation. During periods of marked abdominal pain the 
tenderness over the lower abdomen became more evident. Episodes of haemor- 
rhage occurred while she was under observation, and her pallor increased 
according to their severity. The number and situation of the subcutaneous 
ecchymoses varied markedly from time to time. 


Case 2. J. B. A married woman, sister of H. M., aged 32 years, and the 
mother of two daughters aged six and one and a half years. This patient had 
bruised very easily since childhood. She had had many teeth extracted, all 
with severe bleeding, but had never needed blood transfusions. All her teeth 
were eventually extracted. Her menses had started at the age of 11 years, and 
had been severe and protracted ever since. Originally her menstrual loss was 
more severe than that of H. M. The first confinement was unaccompanied by 
any marked post-partum bleeding, but after the second she had such a severe 
haemorrhage that her doctor arranged for a transfusion. This proved to be 
unnecessary, and was not given. No other important episodes had occurred in 
this patient’s history. Apart from being slightly overweight, she was physically 
normal. 
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Case 3. H.C. The youngest brother of H. M., a boy aged 13 years. At the 
age of two years, as a result of an injury, a partial amputation of the little 
finger was performed through the proximal interphalangeal joint. No severe 
haemorrhage occurred. Since the age of five or six years spontaneous bleeding 
had occurred from the tooth-sockets at various times. It was quite usual to 
find that his bedclothes were covered with blood when he woke in the morning. 
This bleeding at night came either from his nose or from the gums. Epistaxes 
were frequent. He bruised very easily, and was hardly ever without ecchymoses. 
Quite recently he was observed to be very pale and weak, and admitted that he 
had passed tarry stools. 


Of the remaining sibs three were male and four were female. They all proved 
to be normal on interrogation and inspection. Neither parent of the sibs showed 
any physical abnormalities. The children of J. B. and of H. M., as well as four 
of the five children of the eldest sib, appeared quite healthy. Altogether 19 mem- 
bers of three generations were thus available for inspection and examination. 
Special investigation of Case 1 ( H. M.) 

The capillary fragility test was negative. The bleeding time (Ivy) estimated 
on many occasions varied from one minute to six minutes. Clotting time was 
determined both by the capillary tube method and by Quick’s modification of 
the Lee-White method (Quick, Honorato, and Stefanini, 1948). The limit was 
never beyond 14 minutes, and was frequently seven minutes, even when the 
prothrombin time was most prolonged. The red-cell count varied according to 
the time which had elapsed since a haemorrhage, ranging from 2,190,000 to 
4,670,000 per c.mm., with corresponding haemoglobin values of 40 per cent. 
and 89 per cent. The red-cell diameter remained constant at 7-5. The cells 
appeared hypochromic and showed some anisocytosis after the bleeding epi- 
sodes. The total white-cell count fluctuated between 10,400 and 3,300 per 
c.mm. A representative differential count gave the proportions of cells as 
follows: neutrophils 56 per cent., lymphocytes 36 per cent., large monocytes 
5 per cent., basophils 2 per cent., and eosinophils 1 per cent. When a low total 
white-cell count was recorded, the reduction was the result of a granulocyto- 
penia. The blood-platelets were recorded as normal in amount on many occa- 
sions, their average total being 570,000 per c.mm. The blood-calcium was found 
to be 10 mg. per 100 ml. The fibrinogen content of the plasma was 0-51 gm. per 
100 ml. The patient’s blood belonged to group A, and was Rh-positive. The 
van den Bergh reaction was consistently negative on several occasions. The 
serum-proteins were 6-75 gm. per 100 ml. (albumin 5-1 gm, globulin 1-65 gm.). 
The thymol turbidity was recorded as 2-5 units. The administration of 6 gm. 
of benzoic acid by mouth resulted in the excretion of 5-1 gm. of hippuric acid in 
the urine in the next four hours. Bromsulphalein injected intravenously in the 
ratio of 5 mg. per kg. body-weight left only 32 per cent. in the plasma after 
5 minutes, and after 30 minutes and after 45 minutes only 2 per cent. Skia- 
grams did not reveal any enlargement of the spleen. No radiological abnormali- 
ties could be demonstrated in the long bones. Two ill-defined opacities were 
noted opposite the second lumbar vertebra, but their nature was uncertain. 
The heart and lungs were normal radiologically. Examination of the urine, 
cystoscopy, and pyelography were carried out because of the stranguria, but 

showed no abnormalities. 


Prothrombin determinations 


Case 1 (H. M.). On the first determination by Quick’s one-stage method 
(Quick, Stanley-Brown, and Bancroft, 1935) the value calculated as a percen- 
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tage of normal was about 3 per cent. On subsequent occasions during a period 
of six months this low level was never reached, and prothrombin activity was 
found constantly to be 9 or 10 per cent. (time 37 to 41 seconds). The original 
low level was put down to a technical error until six months later, when it 
became apparent that the prolonged time could alter spontaneously, and could 
remain at a new level for days or even weeks. Times of 56 seconds and even 
70 seconds were recorded during these fluctuations of the prolonged prothrom- 
bin time. This marked lowering of the prothrombin estimation appeared to be 
associated with the onset of very severe low abdominal pain, for which she was 
admitted to hospital in view of a possible acute abdominal condition. It was 
also associated with an unusually profuse crop of ecchymoses, and with sponta- 
neous bleeding from the granuloma on her upper gum. The menstrual period 
which occurred during this very low phase resulted in the most severe loss of 
blood which we had yet witnessed ; but the prolonged prothrombin time per- 
sisted both before and after the menstrual flow, which lasted several weeks. 


Case 2 (J. B.). In this patient the prolonged prothrombin time was nearly 
constant on the three occasions on which it was estimated. These estimations 
were made several months apart, and gave values of 38, 40-5, and 41-5 seconds 
(normal control 10-5 to 12 seconds). 


Case 3 (EZ. C.). The prothrombin time was recorded in this boy on two occa- 
sions ; on the first it was 41-5 seconds, and several months later, during another 
period of particularly severe haemorrhage from the tooth-sockets and nose, it 
was 52 seconds (normal control 10-5 and 11-5 seconds respectively). In this case 
again the prothrombin time showed a characteristic change of value. 


Children of the sibs. The eight-year-old daughter of H. M. had a prothrombin 
time of 15 seconds (normal control 134 seconds). The two daughters of J. B., 
aged six years and one and a half years, both had prolonged times of 15 seconds 
(normal control 12 seconds). The eldest unaffected sib had five children, 
ranging in age from 18 years to two years. The prothrombin time in the first 
four children was determined and was found in each case to be the same as the 
normal control time of 11-0 seconds. 


Parents of the sibs. Both parents had a normal prothrombin time. 


The Nature of the Deficient Factor 


This problem was investigated by mixing plasmas known to be deficient in 
a particular fraction held responsible for altering the prothrombin time. Pro- 
thrombin time was determined by Quick’s one-stage technique. The method 
was applied to the plasmas of Case 1 (H. M.), Case 2 (J. B.), and Case 3 (E. C.), 
and the results are shown in the Table. The mixture of plasma showing the 
effects of dicoumarol therapy with stored plasma, or with the plasma from any 
of the patients, produced prothrombin times very close to normal and shorter 
than those found in both constituents of the mixture. The deficiency in the 
stored plasma and in the patients’ plasma was therefore identical in behaviour. 
Normal plasma mixed with the patients’ plasma produced prothrombin times 
somewhat nearer normal than those obtained by the use of plasma showing a 
dicoumarol effect. The difference may be due to a diminution of the labile 
factor by dicoumarol (Seegers, 1950). The addition of stored plasma to plasma 
from each of the patients resulted in a further prolongation of the prothrombin 
time, as would be expected if both were deficient in the same factor. Stored 


26 A. J. BRINK AND C. 8. KINGSLEY 


plasma, however, reduced the prothrombin time to less than normal limits 
when added to treated rabbit plasma. This effect suggests that the plasma 
treated with aluminium hydroxide contained sufficient labile factor to supple- 
ment the low content in stored plasma. Reduction of the prothrombin time of 
stored plasma to a subnormal level by the addition of adsorbed rabbit plasma 
has been observed by other workers (Quick and Stefanini, 1949a; Honorato, 
1947). Mixtures of treated rabbit plasma and the patients’ plasma resulted in 
normal prothrombin times, except in the case of E. C., who still showed a very 


TABLE 


Effects of Added Plasmas on the Prothrombin Time of the Proposita and 


Affected Sibs 
Prothrombin time 


Plasma of Case 1 (H. M.) 
” 2 2 (J. B. ) 
” ” ” 3 (E. C. ) 
Fresh normal plasmas. 
Normal plasma stored at 4° C. for 10 days. 
Fresh rabbit plasma adsorbed with aluminium hydroxide gel 
Fresh plasma of a patient receiving dicoumarol therapy 


Mixture of equal parts of: 
DandS. 

D and plasma of H. M. 

pp 


SandA . 
S and plasma of H. M. 


waweod 


A 
A 
A 
N 
N 


slight prolongation beyond normal. Prothrombin-free rabbit stant therefore 
was capable of supplementing the deficiency in the patients’ plasma. Normal 
plasma plus the patients’ plasma showed a similar effect, but the prothrombin 
time was not completely reduced to normal ; evidently human plasma does not 
contain a marked excess of the labile factor. 

The factor deficient in this condition is therefore similar in behaviour to the 
factor which disappears on storage of oxalated plasma. It is not the same as 
the factor which can be removed from the plasma of rabbits by treatment with 
aluminium hydroxide gel. Nor is it the same as that which is diminished by 
treatment with dicoumarol. The defect in the plasma of H. M., as contrasted 
with that in the plasma of a patient receiving dicoumarol therapy, was further 
demonstrated as follows. Fresh normal plasma (prothrombin time 14 seconds) 
was treated with tricalcium phosphate to remove prothrombin. This treated 
plasma failed to clot on the addition of thromboplastin and calcium chloride 
solution. The prothrombin time of H. M.’s plasma was 60 seconds; that of the 
patient receiving dicoumarol was 30-5 seconds. Normal plasma, the plasma of 
H. M., and that of the patient receiving dicoumarol therapy, were then diluted 


| (seconds) 

40-5 

40°5 

41-5 

(N). 10-5 

(S) 64:5 

127-0 

(D) 20-5 
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with treated plasma as shown below, and the prothrombin times were deter- 
mined in the mixtures: 

1 volume of normal plasma-+ 4 volumes of treated plasma: 25 seconds. 

1 volume of plasma of H. M.+4 volumes of treated plasma: 25-5 seconds. 


1 volume of plasma of patient receiving dicoumarol+4 volumes of treated plaema: 
131 seconds. 


According to Quick and Stefanini (19496) tricalcium phosphate adsorbs pro- 
thrombin and leaves the labile factor virtually intact. In these 20 per cent. 
dilutions, therefore, an excess of the labile factor was present. Hence the pro- 
thrombin time of H.M.’s plasma was reduced to that of the diluted normal, 
while the opposite effect was shown on the plasma of the patient having dicou- 
marol. The diluent therefore supplemented the labile factor in our patient’s 
plasma, but only further diluted the already deficient prothrombin in the 
plasma from the patient receiving dicoumarol. The presence of a circulating 
anticoagulant in the blood of our three patients is considered to be unlikely in 
view of the fact that their plasmas gave normal prothrombin times when the 
adsorbed plasma was added. As in the case of the adult patients, the deficiency 
in the plasmas of the children of the affected sibs could be made good by the 
addition of adsorbed plasma or of the plasma of patients receiving dicoumarol. 

Effect of vitamin K on the prothrombin time. Parenteral treatment of the 
proposita with vitamin K for several days (10 mg. of ‘synkavit’ intramuscularly 
three times daily) failed to produce any change in the prothrombin time. 

Effect of protamine sulphate on the prothrombin time. Although reasons have - 
been advanced for believing that there was no anticoagulant substance in the 
plasma of our three patients, it was thought advisable to check this conclusion 
by noting the effect of intravenous protamine on the blood of the proposita. 
Ten ml. of 1 per cent. protamine sulphate injected intravenously produced no 
change in the prothrombin time of a specimen of blood collected several minutes 
afterwards. 

Effect of aminophylline on the prothrombin time. Seegers (1950) described an 
immediate increase of ac-globulin after the intravenous administration of 
aminophylline to dogs. A prompt rise in concentration occurred after the injec- 
tion of 100 mg. per kg. of body-weight, and was maintained for about a week. 
Ac-globulin is believed by Seegers to be the factor v described by Owren. Such 
a massive dose of aminophylline could not be given to man, but 250 mg. were 
administered to our patient H. M. twice, with an interval of an hour between 
the doses, and blood was collected to determine the effect. Even this dose of 
aminophylline caused some distress, with severe headache and backache, and 
no more could be given. The prothrombin times were as follows: 


Aminophylline 250 mg. (intravenous): 
after three minutes . 50-0 
mee <8 250 mg. (intravenous) one hour after 
first dose: 
after three minutes . 494 
4} hours from commencement of test . 47% 
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The experiment was performed at a time when the patient’s prothrombin 
time was fluctuating frequently, and one felt that reliable conclusions could 
not be drawn. 

Effect of transfusing citrated plasma on the bleeding tendency and prothrombin 
time. A definite rise of prothrombin activity could be brought about by the 
transfusion of the plasma from 500 ml. of blood taken from a donor 12 hours 
previously. This response was used in treating H. M. for excessive bleeding 
during menstruation. A transfusion of this amount of plasma, when given on 
the fourth or fifth day of the menstrual period, was always successful in termi- 
nating menstruation. Almost immediately the flow would diminish markedly, 
and on the following day it would cease. On one occasion such a transfusion 
was given on the second day of the period, when presumably the flow was still 
physiological, and this time the bleeding was not interrupted. The transfusion 
had to be repeated 10 days later on account of the continued haemorrhage, and 
this time the treatment was successful. The course of the alteration in the 
prothrombin time after such a transfusion was observed during one of these 
periods of severe menstruation: 


Prothrombin time before transfusion of plasma : - 37}seconds 
;, two hours after commencement of transfusion - 4&8 
99 six ” ” ” bd 2 3 


(Normal control prothrombin time, 11 seconds.) 


The decrease in concentration of the factor passively transfused was evidently 
very rapid. Since the rapidity might have been related to an increased demand 
due to the concomitant haemorrhage, we decided to repeat the observations at 
a time when the patient was not bleeding. When an occasion presented itself 
the prothrombin time had become prolonged to 55 seconds, and the experiment 
started at this level. 

Prothrombin time before transfusion 55 seconds (normal control 12 seconds) 

2 hours after transfusion 33 seconds (normal control 12 seconds) 
4 36 12 
6 374 
8 394 
10 394 
64 474 
112 50 
160 56 
208 56 
Though the initial fall was again rapid, it became slower, and the prothrombin 
time reached its original level after about a week. A more prolonged study 
was carried out again after a transfusion given for haemorrhage. The results 
were similar to those given above. 

From repeated observations it appeared that when the prothrombin time 
was in the region of 25 seconds there was an adequate concentration of the 
deficient factor to effect haemostasis. Even with a prothrombin time of 37 to 
40 seconds the menstrual flow sometimes stopped normally without treatment. 
The prothrombin time was determined three times a week for some weeks, to 
see whether cyclical variations occurred. No such variations could be found. 
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Irregular fluctuation occurred in a male as well as in a female member of the 
family, and this circumstance appeared to exclude any influence depending on 
the menstrual cycle. 


Discussion 

The deficient factor in the plasma of the affected members of the family 
appears to be identical in its behaviour with the factor described by Owren in 
his patient as factor v. Factor v also appears to be the same thing as Quick’s 
labile factor, Seegers’ ac-globulin, and the plasmatic co-factor to thromboplastin 
of Honorato (1947). The action of this fraction in the formation of prothrombin 
has been the subject of some disagreement. Quick believed that the factor is 
indispensable to the formation of thrombin, whereas Seegers believed that it 
acts merely as an accelerator. Prothrombin, according to the latter author, is 
able to form thrombin by itself, but will only do so at a much slower rate in 
the absence of ac-globulin, calcium, or thromboplastin. In our observations we 
found that the rate of disappearance of the deficient factor, when supplied by 
transfusion, was independent of the presence of haemorrhage. This observation 
would support the view that the factor acts as a catalyst. Thrombin formation 
from a normal quantity of prothrombin is accelerated by the plasma of 500 ml. 
of blood sufficiently to control haemorrhage. It appears also that the effective 
therapeutic level in terms of the prothrombin time is in the region of 25 seconds. 
The other factors necessary for the clotting of blood, viz. calcium, platelets, and 
fibrinogen, were shown to be present in normal amounts in our patient. None 
of the liver function tests showed any deviation from normal, and it could be 
presumed that liver disease was not responsible for her prolonged prothrombin 
time. The clinical resemblance between the case reported by Owren and our 
patient H. M. was striking, even to the development of severe pain in the lower 
abdomen associated with dysuria. It was perhaps not surprising that the 
laboratory findings were also similar. The interest of our cases centres largely 
in the familial nature of the condition and the manner of its inheritance. The 
inheritance in this family might depend either on a recessive gene for the bleed- 
ing tendency, both parents being heterozygous, or on a dominant gene with 
incomplete penetrance. The fact was established that both male and female 
members of the family manifest the affection, and that both transmit it. This 
latter statement appears to be true also of the affected members of the family 
of de Vries, Matoth, and Shamir (1951). The presence of a haemorrhagic dia- 
thesis in the father of the case reported by Frank, Bilhan, and Ekren (1950) 
suggests that inheritance may be through a dominant gene. The only other 
reported case in which there was possibly a deficiency of the labile factor is that 
of Rhoads and Fitz-Hugh (1941). The fact that the prothrombin time of their 
patient’s plasma was reduced from 90 seconds to 41 seconds by the addition of 
plasma treated with aluminium hydroxide suggests that the improvement was 
due to addition of the labile factor. In the family we have described, two 
affected female members were confined without the expected severe post- 
partum haemorrhage. This fact suggests that the prothrombin time, at least 


30 A. J. BRINK AND C. 8. KINGSLEY 


during the later stages of pregnancy, had probably decreased. This view is 
supported by the history of our patient H. M., who throughout pregnancy had 
frequent nose-bleeding, which abated during the last few weeks. It is possible 
that in these cases the foetus was producing enough of the deficient substance 
to cause an improvement by entering the maternal circulation. Each of the 
three children of the affected mothers H. M. and J. B. was shown to have a 
mild degree of the deficiency. The inherited level of labile factor appeared not 
to be constant. This was shown by the fluctuating prothrombin times which 
we found in the sibs. It appears nevertheless that at certain times the level 
remains fairly constant and, if disturbed by any procedure such as the transfu- 
sion of plasma, tends to return exactly to its previous value. The tendency to 
fluctuate widely suggested the possibility that the slightly prolonged prothrom- 
bin times in the young children of the two women might become even longer in 
later life. It would therefore be advisable to repeat the estimations in these 
children for a number of years. In the affected mothers, however, the history 
indicates that the haemorrhagic tendency was present from early childhood, 
and it is therefore doubtful whether their children, who have as yet no evidence 
of abnormal bleeding, will eventually become bleeders. 


We wish to express our gratitude to Dr. J. P. du Toit, under whose care the 
patient H. M. was admitted, for permission to carry out these studies. We 
are also thankful for information as to the hereditary aspect received from 
Dr. J. D. J. Hofmeyr of the Department of Genetics, University of Pretoria. 


Summary 

1. Three members of a family with a haemorrhagic tendency are described. 
The hereditary features of the condition are presented, with the suggestion that 
the bleeding tendency is inherited either through a recessive gene or through a 
dominant gene with poor penetrance. 

2. The deficient factor in the coagulation mechanism of these patients is 
shown to be associated with prothrombin activation. The children of the 
affected individuals, though without symptoms, are shown to have a mild 
coagulation defect of the same type. Other factors concerned in blood coagula- 
tion, viz. platelets, calcium, and fibrinogen, are normal. The deficiency is 
reflected in the prolongation of the prothrombin time as estimated by Quick’s 
one-stage method. 

3. Experimental evidence is produced showing that the patients’ plasma con- 
tained a normal concentration of prothrombin, but that the labile factor of 
Quick (ac-globulin of Seegers; factor v of Owren) was lacking. 

4, The first reported case of an undoubtedly similar deficiency was that of 
Owren (1947). In Owren’s patient, however, the condition did not appear to be 
hereditary. More recent reports by Frank, Bilhan, and Ekren (1950) and de 
Vries, Matoth, and Shamir (1951) bear out the hereditary nature of the condition. 

5. Fresh plasma has been found therapeutically effective in controlling the 
haemorrhages. The alterations in prothrombin time after transfusions were 


d 


f 


A FAMILIAL DISORDER OF BLOOD COAGULATION 31 


compared during haemorrhage and when no bleeding was taking place. From 
the results it is concluded that the deficient factor acts like a catalyst, and not 
as a substance used up during clot-formation. 

6. Observations were made on the effect of vitamin K, protamine sulphate, 
and aminophylline on the level of the labile factor in the plasma. Varied fluctua- 
tions in the prothrombin time made it difficult to form conclusions as to the 
way in which any of these substances might alter it, especially if the change 
brought about was a small one. No regular pattern of fluctuation could be 
detected in the course of days or weeks. 
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OSTEOMALACIA AND RENAL GLYCOSURIA IN ADULTS! 


METABOLIC INVESTIGATION OF A CASE WITH PARTICULAR 
REFERENCE TO ITS RELATION TO THE FANCONI 
SYNDROME AND TO TREATMENT 


By IAN A. ANDERSON, ALEXANDER MILLER, 
anp ANDREW P. KENNY 


(From the Biochemical and Orthopaedic Departments, the Victoria Infirmary, 
Glasgow) 


With Plates 1 and 2 


ACCORDING to modern views on diseases of bone, the term osteomalacia should 
be limited to the bone lesions occurring when the body fluids become so un- 
saturated with calcium and phosphate ions, as the result of some metabolic 
disorder, that bone salt cannot be precipitated in newly formed osteoid tissue. 
By this definition osteomalacia in adults is a rare disease in Western countries. 
It is never seen as the classical condition, arising from a primary lack of calcium 
and vitamin D in the diet, which occurs in endemic form in certain parts of the 
East, and its most frequent cause is undoubtedly the conditioned calcium 
deficiency that results from steatorrhoea of any type. Rare cases of osteo- 
malacia due to refractoriness to the action of vitamin D except in enormous 
doses have also been described (Albright, Butler, and Bloomberg, 1937; 
McCance, 1947). The remaining causes of osteomalacia in adults fall into two 
groups, in both of which the underlying factor is a disorder of function of the 
renal tubules of unknown aetiology and of rare occurrence. There is first the 
peculiar type of renal acidosis originally described in infants and children 
(Butler, Wilson, and Farber, 1936; Boyd and Stearns, 1941; Albright, Con- 
solazio, Coombs, Sulkowitch, and Talbott, 1940; Rule and Grollman, 1944) 
but later reported as occurring also in adults (Albright, Burnett, Parson, 
Reifenstein, and Roos, 1946). The last-mentioned authors considered that the 
underlying defect is a failure of the distal convoluted tubules to eliminate acid, 
but Latner and Burnard (1950) have recently advanced the alternative hypo- 
thesis that the poor excretion of ammonia and free. acid found in this condition 
is due rather to defective reabsorption of bicarbonate in the proximal convoluted 
tubules. Whichever theory is correct, the fact remains that a systemic acidosis 
is present; this leads to withdrawal of calcium from the skeleton to assist in 
neutralizing acid radicals, with resulting osteomalacic bone lesions. It is, how- 
ever, with the second form of disorder of renal tubular function that the present 
paper is concerned. Fanconi (1936) was the first to differentiate clearly the 
1 Received May 29, 1951. 
Quarterly Journal of Medicine, New Series XXI, No. 81, January 1952. D 
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condition which he called ‘nephrotic-glycosuric dwarfism with hypophos- 
phataemic rickets in young children’ from the more common form of ‘renal 
rickets’ due to glomerulo-tubular insufficiency. The salient metabolic abnor- 
malities of the Fanconi syndrome, additional to the rickets and the renal tubular, 
without glomerular, insufficiency, have been brought out in the reports of the 
few cases hitherto observed (for example, Fanconi, 1931 ; de Toni, 1933 ; Fanconi, 
1936; Guild, Pierce, and Lilienthal, 1937; Goldmann and Ekstein, 1939; 
Gittleman and Pincus, 1940; and McCune, Mason and Clarke, 1943). They 
consist of renal glycosuria (sometimes with a diabetic type of glucose tolerance 
curve as well), the excessive excretion of phosphate in the urine despite a very 
low serum inorganic phosphorus level, a chronic acidosis (apparently due not 
to any deficiency of cations but to an accumulation of unidentified organic 
acids in the blood), and an excessive excretion of ammonia and organic acids 
in the urine (the latter consisting chiefly of aminoacids, although 8-hydroxy- 
butyric and lactic acids have also been detected). The aetiology of the syn- 
drome is unknown, but the frequent history of consanguinity in the parents 
suggested to Fanconi (1936) a recessive type of inheritance of the disorder. 
The first proved case of the Fanconi syndrome in an adult was reported by 
Stowers and Dent (1947) in a man aged 34 years, who exhibited all the above- 
mentioned abnormalities except the hyperphosphaturia. The aminoaciduria of 
this patient and of two other cases of the Fanconi syndrome was investigated 
by Dent (1947) using the method of paper partition chromatography. He 
found that the urine of all three patients showed a marked increase in the number 
of aminoacids present, whereas the distribution of aminoacids in the plasma 
was similar to that of normal persons. At autopsy of the patient, the kidneys 
showed changes which afforded a pathological explanation of some of the meta- 
bolic abnormalities present during life. There was swelling and vacuolation of 
the epithelium of the distal tubules. The glomeruli showed little change, while 
the interstitial tissue was unevenly infiltrated by strands of fibrous tissue. 
Perhaps the most interesting finding was that phosphatase was present only 
in the loops of Henle and the collecting tubules, whereas normally it is present 
only in the proximal convoluted tubules. Stowers and Dent concluded that 
the absence of phosphatase from the latter site in their patient was probably 
the fundamental lesion in that it may have prevented the formation of phos- 
phate esters of glucose and aminoacids, with resultant failure of reabsorption 
of phosphate, glucose, and aminoacids. 

The demonstration that the Fanconi syndrome can occur in adults lends 
added interest to the reports which have appeared during the last 20 years of 
adults who have presented the combination of osteomalacia with a very low 
serum inorganic phosphorus level and renal glycosuria. The first of these cases 
was described by Milkman (1930, 1934), who was so impressed with the multiple 
spontaneous symmetrical fractures of bone in his patient that he considered 
her condition to represent a hitherto unrecognized osteopathy, to which the 
term ‘Milkman’s syndrome’ has been applied. It is now considered that such 
symmetrical fractures are common to osteomalacia from any cause, and are 
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due to the pressure of pulsating arteries on the softened bone (Le May and 
Blunt, 1949). Other reports of cases similar to that of Milkman followed 
(Hunter, 1935; Edeiken and Schneeberg, 1943; Cooke, Barclay, Govan, and 
Nagley, 1947). Hunter, and also Cooke and his colleagues, demonstrated 
hyperphosphaturia in their patients despite the hypophosphataemia, and the 
latter authors were able to show that the hyperphosphaturia was due both to 
decreased reabsorption of, and to actual secretion of, phosphorus by the renal 
tubules. At autopsy of the patient of Cooke, Barclay, Govan, and Nagley 
(1947) the kidneys showed changes very similar to those reported by Stowers 
and Dent (1947) in their adult case of the Fanconi syndrome, in particular 
an absence of phosphatase from its normal site, the proximal convoluted tu- 
bules. Cooke and his colleagues likewise considered this lack of phosphatase 
to be the cause of the failure of the kidney to reabsorb glucose and phosphorus ; 
the resulting hyperphosphaturia, it was suggested, led to hypophosphataemia, 
and thereby to failure of deposition of bone salt in osteoid tissue. These authors 
were of the opinion that their case and the similar ones quoted in the literature 
were examples of a syndrome of skeletal decalcification in adults due to a 
defect of the renal tubules, and so far not amenable to therapy. But the close 
resemblance between the metabolic abnormalities present in this group of 
cases and those of the Fanconi syndrome raises the question whether the former 
group does not, in fact, constitute a separate entity, but rather represents 
further examples of the Fanconi syndrome occurring in adults. The patient 
whose case is described in the present paper combined all the manifestations 
of the syndrome distinguished by Cooke, Barclay, Govan, and Nagley, with 
certain of the features of the Fanconi syndrome, and so affords further evidence 
as to the identity of the two syndromes. The favourable response to measures 
designed to counteract the metabolic disturbances also suggests that the gloomy 
view of those authors regarding the futility of treatment is not entirely war- 
ranted. 
Case Report 

History. The patient was a single woman aged 44 years. She was apparently 
normal at birth, but developed rickets at the age of nine months and was 
confined to bed for one year. She grew up a rachitic dwarf, but was able to 
earn her livelihood as a sewing-maid in a hospital until the age of 32 years, 
when she fell and injured her right hip and knee. Radiological examination of 
the bones of the right lower limb at this time showed no abnormality apart 
from some rarefaction. Persistence of pain in the right hip and knee incapaci- 
tated her progressively until she was confined to bed or a wheel-chair, and three 
years later she was admitted to hospital again, and extensive bone changes 
were demonstrated radiologically. These consisted of transverse translucent 
streaks running through the necks of the femora and pubic rami on both sides, 
outward bowing of both femora, appearances suggesting irregular proliferation 
of bone along the edges of the blades of both ilia and round both greater and 
lesser femoral trochanters, and deformity of both humeri at the level of the 
deltoid tuberosity, where some new bone formation had taken place. At this 
time the serum-calcium was 10-0 mg. per 100 ml., the plasma inorganic phos- 
phorus 1-9 mg. per 100 ml., and the plasma alkaline phosphatase 2-5 King- 
Armstrong units. It is of interest to note that, despite the extensive bone 
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lesions, there was no elevation of the plasma alkaline phosphatase. Biochemi- 
cally, therefore, she corresponded to stage 1 (‘biochemical osteomalacia’) of 
the four degrees of osteomalacia distinguished by Albright and Reifenstein 
(1948), that of hypophosphataemia still with a normal alkaline phosphatase. 
Four years later, when the patient was 39 years old, she had an attack of renal 
colic, and stated that she had passed gravel in the urine. Radiological examina- 
tion failed to reveal any opacities in the urinary tract, but demonstrated that 
the bones had by this time undergone severe decalcification and had become 
more grossly deformed, with an increase in the number of the translucent in- 
fractions of bone. Her blood chemistry was essentially unchanged from its 
condition four years previously, showing hypophosphataemia but a normal 
plasma alkaline phosphatase activity. At this time she was quite comfortable 
while sitting still, but continued to suffer from pain in the bones and joints 
when attempting any movement. Treatment with calcium salts and vitamin D 
produced no symptomatic or radiological improvement. Five years later, some 
months before her present admission to hospital, she began to experience girdle 
pains in the thorax on the right side ; these, like the bone pains, were aggravated 
by movement and relieved only when she lay still. Previous to the accident at 
the age of 32 years, the patient said she had had a hearty appetite, eating a 
full and varied diet which included about one pint of milk a day. After the 
accident, and especially during the last four months, her appetite became pro- 
gressively poorer, until on admission her food intake provided only about 1,000 
calories, 45 gm. of protein, and 300 mg. of calcium per day. 

The family history yielded no relevant information. Her parents were unre- 
lated, no member of either of her parents’ families had suffered from a similar 
complaint, and her seven brothers and sisters were all alive, well, and of 
normal bodily proportions. 

Physical examination. The patient was a very small, grossly deformed, and 
somewhat under-nourished woman, who could make no major movement such 
as sitting up in bed without pain and without assistance, and was unable to 
stand or walk on account of the deformity of her lower limbs and pain (Plate 
1, Fig. 2a). Her height was 3 feet 7 inches, and her weight 63 pounds. The 
bony deformities were rachitic in nature, and included severe kypho-scoliosis, 
prominence of the sternum, Harrison’s sulcus, marked enlargement at the 
epiphyses of the long bones, and outward bowing of the femora, tibiae, and 
fibulae, so that the lower limbs actually crossed at the ankles when the patient 
was held upright. She had persistent tachycardia, and her blood-pressure was 
150/100, but no other abnormality was detected on physical examination. 
The urine contained no albumin or Bence-Jones protein, and no sugar; there 
was nothing abnormal in the deposit. Haematological examination, including 
a marrow smear, revealed no abnormality except for some hypoplasia of 
erythropoiesis. 

Radiological examination. The report was as follows: “Multiple fractures of 
the spinous processes of the upper thoracic vertebrae and excessive biconcavity 
of the bodies of all the thoracic vertebrae. Multiple symmetrical fractures of 
the ribs, and similar fractures partially traversing the blades of the scapulae 
from the axillary borders. The pelvis is even more grossly deformed than before 
and is now trifoliate in shape, with multiple symmetrical fractures involving 
all the pelvic bones and increasing the deformity. Symmetrical fractures of 
the necks of both femora, with formation of secondary acetabula between greater 
trochanters and ilial blades, leading to marked coxa valga deformity. Old 
rachitic deformity of femora, tibiae and fibulae with marked derangement of 
bone texture due to thinning of the cortex. Marginal fractures in the upper 
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third of the shaft of the left femur, and healed fractures of both marginal 
and complete type, with good callus formation, in both tibiae and fibulae. 
The skull shows irregularly dispersed, patchy thinning, with some increase in 
width of the diploic spaces, but the suture lines are not obscured.’ The X-ray 
of the pelvis is shown in Plate 2, Fig. 4a. 

Biochemical examination. The following investigations were carried out in 
an attempt to establish a diagnosis, most of them before the metabolic study 
described below was commenced. 

1. Blood chemistry. The serum-calcium was 11-2 mg. per 100 ml., the plasma 
inorganic phosphorus 1-5 mg. per 100 ml., and serum alkaline phosphatase 
activity 31 King-Armstrong units. The total plasma proteins were 7-2 gm. 
per 100 ml. (albumin 5-0 gm., globulin 2-2 gm.). The blood-urea was 23 mg. 
per 100 ml. The plasma CO, combining power was 53 volumes per 100 ml., 
plasma chlorides (as NaCl) 591 mg. per 100 ml., plasma aminoacid nitrogen 
3-5 mg. per 100 ml., plasma-cholesterol 242 mg. per 100 ml., serum-bilirubin 
0-25 mg. per 100 ml., and thymol turbidity 3 Maclagan units. An ionic balance 
of the patient’s plasma, carried out after therapy had raised the inorganic 
phosphorus to a normal level, gave the following result: 


Cations Anions 


A 


mg./100 ml. mKq/litre mg./100ml. mEq/litre 
Ca 10-1 5-0 P 3°4 
Na 345 150-0 Cl 370 
K 17-1 4-3 CO, 53-8 
(vol./100 ml.) 
Mg 1-9 1-6 NY 1-02 0-6 
Protein 7,060 17-4 


Sum of cations (mEq) 160-9 Sum of anions (mEq) 148-2 


The difference between the sum of the cations and that of the anions (12-7 
milliequivalents per litre), which represents the undetermined ‘organic’ acids, 
was therefore in excess of the normal level of about 5 milliequivalents per 
litre. 


2. Glucose tolerance test. Three glucose tolerance tests were carried out 
(Table I): (2) On admission, when the patient’s carbohydrate intake had been 
only about 120 gm. daily. (b) After relief of anorexia and the consumption of 


TABLE I 


Glucose Tolerance Tests on Admission and on a Normal and a Low Carbohydrate 
Diet 


Time 
Fasting 
30 minutes after 50 gm. glucose 
45 
60 
90 
120 


mg. per 100 ml. 


(a) (6) (c) 
On On normal On low 
admission CHO diet CHO diet 
i Blood Urine Blood Urine Blood Urine 3 
sugar* sugar sugar* sugar sugar* sugar 
77 ~—s Nil 91 Trace 97 
Fi 193 + 189 Trace 182 Nil 
: 187 ++ 91 Trace 220 Nil 
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a more liberal diet containing approximately 230 gm. of carbohydrate daily. 
(c) After 10 days on a diet iso-caloric with that given in (6) but containing 
only 100 gm. of carbohydrate daily. Curve (6), which is essentially that of a 
renal glycosuria, is considered to represent the true state of the patient’s 
glucose tolerance. In view of the development of a diabetic type of curve 
(c) when the carbohydrate intake was deliberately restricted, we feel entitled 
to assume that the impaired glucose tolerance revealed in the original curve (a) 
was the result of the patient’s previous inadequate carbohydrate intake, a 
finding in accord with the results obtained in normal persons by Himsworth 
(1933-4). We can offer no explanation of the anomalous absence of glycosuria 
in curve (c) in spite of blood-sugar levels above the normal renal threshold for 
glucose. 

3. Sulphur metabolism. Slit-lamp microscopy revealed no cystine deposits 
in the cornea, and no cystine could be separated from the urine. Repeated 
determination of the sulphur partition in the urine gave a neutral sulphur 
fraction (including cystine) ranging from 8-1 to 14-7 per cent. of the total 
urinary sulphur excretion, which is a normal proportion. There was thus no 
evidence of cystinosis or cystinuria, which excluded from the diagnosis the 
syndrome of cystinosis with rachitic bone lesions, glycosuria, and hypophos- 
phataemia described by Russell and Barrie (1936) and Lignac (1938). 

4. Renal function. The standard urea clearance, corrected to a surface area of 
1-73 square metres because of the patient’s dwarfism, was 172 and 175 per 
cent. of the average normal value. A Fishberg urinary concentration test 
showed that there was impairment of the concentrating power of the kidneys, 
the urinary specific gravities being 1,012, 1,004, 1,009, and 1,013 in successive 
hours. These simple tests were taken to indicate that glomerular function was 
normal, but tubular function was defective. The clearances of sodium thiosul- 
phate, aminohippuric acid, glucose, and phosphorus were determined by 
Dr. J. E. Craik, of the Pathology Department, the Victoria Infirmary. These 
indicated that there was a slight but proportionate decrease in renal blood-flow 
and maximal tubular excretory capacity, suggesting a simple but minimal loss 
of renal tissue. The glomerular filtration re*s vas 137 per cent., and the filtra- 
tion fraction 160 per cent., of the averay: aormal values. The general pattern 
of these findings was that of early essential hypertension. The maximal 
tubular reabsorptive capacity for glucose, corrected like the other clearances to 
a standard surface area of 1-73 square metres, was no less than 530 mg. per 
minute (212 per cent. of normal). In spite of this supranormal capacity on the 
part of the renal tubules to reabsorb glucose when stimulated by pathologically 
high concentrations of glucose in the glomerular filtrate, there was poor func- 
tion on the part of the tubules at more physiological levels of the blood-sugar, 
as shown by the glycosuria during the first two glucose tolerance tests. Similar 
anomalous findings of an increased maximal tubular reabsorptive capacity for 
glucose were reported by Friedman, Selzer, Sugarman, and Sokolow (1942) in 
subjects with moderate degrees of renal glycosuria. The phosphate clearance 
was not determined until the plasma inorganic phosphorus had been raised to 
a normal level of 3-0 mg. per 100 ml. by treatment, at which time it was 7-4, 
9-1, and 12-3 ml. per minute in three successive tests. According to Cooke, 
Barclay, Govan, and Nagley (1947) the phosphate clearance in man at normal 
plasma levels is 4 to 6 ml. per minute. The present patient therefore showed a 
slight impairment of tubular reabsorptive capacity for phosphorus, even when 
under treatment directed towards correction of acidosis. 

5. Fat-excretion. While the patient was on a low-fat diet (40 gm. of fat per 
day), faeces were collected for two three-day periods and analysed for fat. The 
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fat-excretion in the two periods represented 7-8 and 10-1 per cent. of the fat 
intake respectively, values which excluded steatorrhoea as the cause of the 
patient’s bone lesions. 

6. Aminoacid pattern in urine and plasma. The distribution of aminoacids was 
investigated by the method of paper partition chromatography introduced by 
Consden, Gordon, and Martin (1944) for the separation and identification of 
aminoacid mixtures, and the procedure was based on the scheme described 
by Dent (1947). Urine. Direct examination by two-dimensional separation 
showed that the following aminoacids, given in the order of intensity of their 
ninhydrin reaction, could be identified with regularity in pooled three-day 
collections of urine: glycine, glutamic acid, serine, alanine, taurine, and valine, 
together with traces of ‘under-alanine’ (a spot which disappeared after acid 
hydrolysis), aspartic acid, y-aminobutyric acid, and possibly glutamine (Plate 
1, Fig. 3a). Two-dimensional separation after acid hydrolysis of the urine 
specimens gave, as was to be expected, both a marked increase in the amount 
of ninhydrin-reacting substances and a wider distribution of aminoacids. The 
most striking increase was in glycine, while taurine, serine, glutamic acid, 
aspartic acid, alanine, and y-aminobutyric acid were all significantly increased. 
Valine was not increased. Leucine and tyrosine appeared as new spots, while 
‘under-alanine’ had disappeared, suggesting that the peptide seryl-glycyl- 
glycine, reported by Dent (1947) in his adult case of the Fanconi syndrome, 
had originally been present. Normal urines studied in the same way usually 
gave total intensities of ninhydrin reaction of less than a quarter of that found 
in the present patient, and none exceeded it. In one-dimensional runs which 
could be compared roughly with the photographs illustrating the earlier work 
of Dent (1946) on a case of the Fanconi syndrome, it appears that the urine 
of our patient gave results approaching the same intensity. These runs also 
demonstrated the constancy of the aminoacid pattern in urines from different 
three-day periods (Plate 1, Fig. 3b). The aminoacid distribution in the urine 
therefore did not show the striking increase in the number of aminoacids found 
by Dent (1947) in his cases of the Fanconi syndrome. The chief difference as 
compared with the urine of normal persons (compare Dent, 1947) was in the 
absence of leucine until after hydrolysis and the presence of serine before 
hydrolysis. The latter finding may be of some significance, in that Dent 
demonstrated increased amounts of serine in the urine of three cases of the 
Fanconi syndrome, and suggested tentatively that excessive loss of serine in 
the urine may be responsible for some of the manifestations of the syndrome. 
Plasma. The plasma was prepared for chromatography as described by Dent 
(1947). Apart from a more intense glutamine spot, the chromatogram of 
the patient’s plasma showed no essential difference from that of plasma from 
a normal person carried through simultaneously. 

Provisional diagnosis. The blood chemistry and the radiological picture of 
the skeleton conformed more closely to the findings in osteomalacia than to 
those in any other generalized bone disease. Hyperparathyroidism may exist 
with a normal serum-calcium (Albright, Sulkowitch, and Bloomberg, 1937), 
and was therefore considered in the differential diagnosis. But the radiological 
appearances of the skeleton were not in keeping, in particular the lack of sub- 
periosteal bore-resorption or cyst-formation in the bones, which would almost 
certainly have been present in a case of hyperparathyroidism whose bone 
disease was as advanced and protracted as that of the patient. Moreover, the 
results of the diagnostic balance on the low calcium diet (see below) showed 
that there was no hyperphosphaturia, and only a minimal degree of hyper- 
calcuria. The diagnosis was therefore apparently narrowed down to a search 
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for the cause of the osteomalacia. Albright, Burnett, Parson, Reifenstein, 
and Roos (1946) gave the following classification of the causes of osteomalacia: 

1. Vitamin-D lack: (a) simple vitamin-D lack ; (b) resistance to vitamin D; 
(c) steatorrhoea. 

2. Renal acidosis due to tubular insufficiency without glomerular insufficiency : 
(a) hyperchloraemic form without renal glycosuria ; (6) Fanconi syndrome. 

3. Idiopathic hypercalcuria. 
Of these various causes only steatorrhoea could so far be excluded with cer- 
tainty. A metabolic experiment (Experiment 1) was therefore undertaken in 
an endeavour to identify more precisely the disturbances underlying the 
patient’s bone disease, and at the same time to investigate the efficacy of such 
therapeutic measures as seemed appropriate. 


Metabolic Investigations: Experiment 1 
Experiment 1 can best be described under two main headings: (1) A balance 
study of the calcium and phosphorus metabolism, including the influence of 
various therapeutic measures; (2) A study of the acid-excreting mechanisms 
and the urinary amino-nitrogen output. 


Balance study of the effect of therapy on the metabolism of calcium and phosphorus 


In these studies the calcium, phosphorus, and nitrogen balances were deter- 
mined over successive three-day periods. The methods used and the diagram- 
matic representation of the chemical data (Fig. 1) were the same as those 
described in a previous investigation of metabolic bone disease (Anderson, 
1950); the latter follows the suggestions of Reifenstein, Albright, and Wells 
(1945) for a standardized mode of presentation of metabolic data in chart 
form. The balance study in Experiment 1 can be divided into six parts, and 
the average values per three-day period are given in Table IT. 

Part 1 (Periods 1 to 6). The patient was first placed on a low-calcium diet 
for the purpose of bringing to light any abnormality of endogenous calcium 
metabolism, and the balance study was started after she had received this 
diet for six days in order to secure equilibrium. The average calcium intake of 
0-587 gm. per period was somewhat higher than that of about 0-43 gm. used 
previously (Anderson, 1950) in studies of normal persons. The average faecal 
and urinary calcium excretions per period in the present patient were slightly 
in excess of those found in the above-mentioned studies of normal persons. 
But the average negative calcium balance was within the range found in the 
normal subjects, so that it is doubtful whether any significance can be attached 
to the somewhat increased faecal and urinary calcium excretions. There was 
certainly no evidence of any gross increase in the excretion of calcium by either 
path. The urinary and faecal excretions and negative balance of phosphorus 
were all within the range found in normal persons on a similar intake of phos- 
phorus. Although the actual and theoretical phosphorus balances in individual 
periods did not show a good correlation, the averages of each per period agreed 
closely (Table IT). 

Part 2 (Periods 7 to 12). Sufficient 2 per cent. calcium glycerophosphate 
solution was now added to the basal diet to raise the calcium and phosphorus 
intakes up to about 1-0 gm. of each per day, and after six days to secure equili- 
brium the balance study was resumed at Period 7. Over the six periods of 
Part 2 there was a considerable positive balance of both calcium and phos- 
phorus, and the actual and theoretical phosphorus balances showed reasonable 
agreement, indicating that all the retained phosphorus was being deposited in 
bone or protoplasm. The only unusual finding was that the urinary calcium 
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excretion was greater than that found by Anderson and Lyall (1939) in normal 
persons on a calcium intake almost twice as great as that of the patient. The 
patient had no difficulty in retaining calcium and phosphorus when given a 
normal intake of these minerals, a finding that might suggest a nutritional 
rather than a metabolic background for her osteomalacia. But in spite of the 
positive phosphorus balance there was only an insignificant rise in the serum- 
phosphorus, to a level at or just below the lower limit of the normal range. 

Part 3 (Periods 13 to 18). Vitamin D in a moderate dose of 12,000 i.u. per 
day was now added to the treatment given in Part 2. There was an average 
increase of 0-276 gm. per period in the positive calcium balance, due to a 
decreased excretion of calcium in both urine and faeces, which suggested 
that vitamin D had promoted not only the absorption of calcium, but also 
the retention of absorbed calcium in the skeleton, a finding in keeping with the 
demonstration by Greenberg (1945) that vitamin D has a direct action on the 
deposition of calcium in the bones. The positive phosphorus balance also in- 
creased, and the actual and theoretical phosphorus balances continued to show 
reasonable agreement. There were no significant changes in the blood chemistry 
as a result of vitamin D therapy. 

Part 4 (Periods 19 to 24). The dose of vitamin D was now increased to 
250,000 i.u. per day for two reasons, first to exclude the possibility that the 
patient’s osteomalacia was due to a refractoriness to the action of vitamin D, 
and secondly to put to the test the suggestion of McCance (1947) that the 
Fanconi syndrome might be successfully treated with large doses of vitamin 
D, this view being based on the hypothesis of Harrison and Harrison (1941) 
that vitamin D increases the tubular reabsorption of phosphorus by a direct 
action on the kidney. In this connection it may be noted that Stowers and 
Dent (1947) found that the administration of 300,000 iu. of vitamin D per 
day, with a high calcium intake, brought about a rise in the serum-phosphorus 
of their patient with the Fanconi syndrome to a normal level and healing of 
the bone lesions. The effect of increasing the dose of vitamin D in our patient 
was as striking as it was unexpected. The positive calcium balance fell to 
little over half of what it had been on the smaller dose of vitamin D in Part 3, 
largely through an increase in the faecal calcium excretion, but the urinary 
excretion of calcium was also greater. Since vitamin D does not influence 
the active excretion of calcium into the intestine (Greenberg, 1945), it can 
only be concluded that the effect of the large dose of vitamin D was actually 
to depress both the absorption and retention of calcium. Since the intake of 
phosphorus unfortunately was significantly higher than in Parts 2 and 3, it is 
impossible to say whether this factor or the action of the large dose of vitamin 
D was responsible for the increased excretion of phosphorus in both urine and 
faeces during Part 4. But there was one interesting phenomenon: the actual 
and theoretical positive phosphorus balances, for the only time in this experi- 
ment, were not in close agreement when expressed as the averages per period. 
The actual positive balance was considerably greater than the theoretical, 
suggesting a retention of phosphorus in the body in excess of that laid down in 
bone and protoplasm. If this was so, the extra phosphorus was not accumulat- 
ing in inorganic form in the extracellular body fluids, for the serum-phosphorus 
level, like that of calcium, remained unchanged throughout Part 4. There was, 
however, a well-marked increase in the serum alkaline phosphatase. Besides 
excluding refractoriness to the action of vitamin D as a possible cause of the 
patient’s osteomalacia, the results in Part 4 also failed to confirm the suggestion 
of McCance (1947) as to the possible beneficial effect of large doses of vitamin D 
in the Fanconi syndrome. 
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Experiment 2: the slight increase in the retention of calcium and phosphorus, 
and the reduction of the serum-phosphorus to a subnormal level, brought 
about by methyl testosterone therapy. 
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Part 5 (Periods 25 to 30). A systemic acidosis is a prominent feature of the 
Fanconi syndrome in children. However, as in the adult case of Stowers and 
Dent (1947), the only findings suggestive of acidosis in the present patient 
were the excess of unidentified (organic) acids in the plasma, a somewhat high 
ammonia coefficient in the urine (see below, Study of the acid-excreting mechan- 
isms), and a plasma CO, combining power which tended to be just below the 
lower limit (53 vol. per 100 ml.) of the normal range. Albright and Reifenstein 
(1948) suggested that the bone lesions of the Fanconi syndrome should respond 
to treatment with alkali, a high intake of calcium and phosphorus, and vitamin 
D. To separate the possible beneficial effect of alkali from that of a high 
calcium and phosphorus intake, it was decided to investigate first the effect 
of alkali alone, the calcium and phosphorus intake being unaltered from that 
in Parts 3 and 4. The alkali recommended by Albright and Reifenstein (1948) 
was Shohl’s citric-acid-sodium-citrate solution (140 gm. of citric acid and 98 
gm. of sodium citrate dissolved in water to 1 litre), found effective by Albright, 
Burnett, Parson, Reifenstein, and Roos (1946) in the treatment of the hyper- 
chloraemic, non-glycosuric form of renal acidosis. This solution has an acid 
reaction, and so promotes the absorption of calcium by increasing the acidity 
of the intestinal contents. The citrate radicals of Shohl’s solution are oxidized 
in the body, leaving the sodium ions free to combat the systemic acidosis, thus 
obviating the necessity for calcium to be withdrawn from the skeleton for the 
neutralization of accumulated acids. In Part 5 Shohl’s solution was given in 
divided doses mixed with fruit juice, in amounts increasing from a total of 
50 ml. to 150 ml. perday. At the same time the dose of vitamin D was reduced 
to its previous level of 12,000 i.u. per day. Comparing the results with those 
obtained in Part 3, when the patient was on a similar régime except for the 
alkalinizing solution, it will be seen that there was a well-marked increase in 
the positive calcium balance, due to a progressive decline in both faecal and 
urinary calcium excretions; by Period 30 these were about half the respective 
average excretions during Part 3. There was also an increase in the positive 
phosphorus balance, but, unlike that of calcium, the improvement was due 
entirely to a decline in the faecal excretion, which ran parallel to, and was 
presumably secondary to, the decline in the faecal calcium excretion (Albright 
and Sulkowitch, 1938). The actual and theoretical phosphorus balances agreed 
reasonably closely once more, after the divergence in Part 4. There was no 
alteration in the serum calcium or serum alkaline phosphatase compared with 
Part 4, but the serum-phosphorus rose to, and remained at, a normal level of 
just over 3-0 mg. per 100 ml. The plasma CO, combining power rose only 
slightly, and was just above the lower limit of the normal range, in spite of the 
fact that the urine had become alkaline since Shohl’s solution had been given. 
The plasma-chlorides (not shown in Fig. 1), which had been normal during 
Part 4, showed no significant alteration. 

Part 6 (Periods 31 to 36). The intakes of calcium and phosphorus were now 
raised to the high levels shown in Table II by increasing the dose of calcium 
glycerophosphate while the dose of Shohl’s solution was kept constant at 75 ml. 
per day, at the middle of the range of 50 ml. to 100 ml. per day recommended 
by Albright, Burnett, Parson, Reifenstein, and Roos (1946). The vitamin-D 
dosage remained at 12,000 iu. per day. The effect of raising the intakes of 
calcium and phosphorus was to produce a further striking increase in the 
retention of both minerals. The faecal calcium excretion was not unexpectedly 
higher than in Part 5, in view of the increased calcium intake, but the urinary 
calcium excretion remained at the extremely low level to which it had fallen 
by the end of Part 5. The average calcium retention of 3-283 gm. per period 
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reached in Part 6 represented no less than 66-7 per cent of the calcium intake. 
The faecal phosphorus excretion, like that of calcium, rose above the level 
found in Part 5, but the urinary excretion did not alter; as a result there was 
a well-marked increase in the positive phosphorus balance, while the actual 
and theoretical phosphorus balances maintained their agreement. The blood 
chemistry showed no significant alteration from the levels found in Part 5. 
During the whole experiment the patient remained essentially in nitro- 
genous equilibrium, and there were no significant changes in nitrogen balance 
corresponding to alterations in therapy. Since the high dosage of vitamin D 
caused an immediate deterioration in the calcium and phosphorus balances, 
the improvement in the retention of these minerals occurring in Part 5 cannot 
be attributed to any late effect of the extra vitamin D. The conclusion seems 
warranted that the improvement in mineral metabolism was due solely to the 
administration of the citric-acid-sodium-citrate solution. Part 6, on the other 
hand, demonstrates the effectiveness of a high calcium and phosphorus intake 
combined with alkalinizing therapy, and completes the practical support given 
by this experiment to the suggestions made on theoretical grounds by Albright 
and Reifenstein (1948) for the treatment of the Fanconi syndrome. 


Study of the acid-excreting mechanisms and amino-nitrogen output of the kidneys 

In order to bring to light any abnormality of the acid-excreting mechanisms 
and of the amino-nitrogen output of the kidneys, the following determinations 
were carried out on the three-day collections of urine during Part 4, and also 
during Parts 5 and 6 while Shohl’s solution was being given: ammonia nitrogen 
(method of Van Slyke and Cullen, 1916); amino nitrogen (method of Van 
Slyke, MacFadyen, and Hamilton, 1943) ; titratable acidity minus CO, (method 
of Albright, Bauer, Ropes, and Aub, 1929); total organic acids (method of 
Van Slyke and Palmer, 1920); citric acid (method of Taussky and Shorr, 1947) 
and pH (using a pH-meter with glass electrode). The data are given in Table 
III. The results in Part 4, when no alkalinizing therapy was being given, have 
been taken as the control levels, when any inherent abnormality of the acid- 
excreting mechanisms should be apparent. The values obtained in the indivi- 
dual periods of Part 4 have been expressed in Table III as averages of total 
excretion and of excretion per kilogram of body-weight, the latter to allow for 
the patient’s dwarfed stature. The following points are of importance in rela- 
tion to our provisional diagnosis of the Fanconi syndrome: 

1. Amino nitrogen. The normal variation in the output of free aminoacids 
in the urine is considerable, but the free amino nitrogen rarely exceeds one 
per cent. of the total nitrogen (Hawk, Oser, and Summerson, 1947). Dent 
(1947) considered that the ratio is the 

total nitrogen minus amino nitrogen 
most constant, and hence the most significant, of the various methods of 
expressing the amino-nitrogen output; in normal persons this ratio does not 
exceed 3. The amino-nitrogen output of our patient during Part 4 therefore 
tended to be high, but the above-mentioned ratio never reached Dent’s critical 
level of 3. 

2. Ammonia nitrogen. In the Fanconi syndrome the kidneys evidently retain 
their capacity for responding to a systemic acidosis by the formation of in- 
creased amounts of ammonia. The excretion of ammonia nitrogen in normal 
persons covers a wide range (0-9 gm. to 3-6 gm. per three-day period), and the 
amounts excreted by the patient were therefore not excessive, even if her body- 
weight of only about half that of a normal adult woman is taken into considera- 
tion. The ammonia coefficient (ammonia N x 100/total N) in normal persons, 
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at a urinary pH of 5-8, varies from 2-2 to 5-5; in our patient, at a urinary pH 
of 5-4 to 5-9 it ranged from 4-6 to 8-3. Although the ammonia coefficient is no 
longer regarded as an accurate index of ammonia production in response to the 
body’s need to conserve base, the values obtained suggest a relatively high 
ammonia production. 

3. Titratable acidity minus CO,. The average titratable acidity of the urine 
in a normal person is about 1-6 milliequivalents per kilogram of body-weight 
per three-day period. The patient’s average of 1-2 milliequivalents therefore 
gave no evidence of the high titratable acidity of the urine noted in juvenile 
cases by Fanconi (1936). 

4. Organic acid excretion. In a normal person the excretion of total organic 
acids in the urine varies from 1-5 to 2-7 milliequivalents per kilogram of body- 
weight per 3-day period. The patient’s average of 3-4 milliequivalents, though 
high, gave no evidence of the great outpouring of organic acids which charac- 
terizes juvenile cases of the Fanconi syndrome. 

5. Urinary pH. The urine was acid, with a pH ranging from 5-4 to 5-9. 
Although Fanconi (1936) considered that failure on the part of the kidneys to 
excrete an acid urine was one of the causes of acidosis in the syndrome which 
bears his name, McCune, Mason, and Clarke (1943) pointed out that in certain 
classical examples of the Fanconi syndrome the urine has been acid. 

6. Citric acid excretion. According to Shorr, Bernheim, and Taussky (1942) 
the normal excretion of citric acid in the urine ranges up to 18-7 milliequivalents 
in 24 hours. This is equivalent to about 0-9 milliequivalents of citric acid per 
kilogram of body-weight per three-day period, and the patient’s level of 0-81 
milliequivalents evidently represents a normal value. 

While these results, in particular the rather high ammonia excretion and the 
acid urine, served to exclude definitely the hyperchloraemic, non-glycosuric 
form of renal acidosis from the diagnosis, they did not show to a significant 
degree any of the characteristic abnormalities of the Fanconi syndrome. 

Failure to appreciate the inadequacy of toluol as a preservative for an alka- 
line urine vitiated many of the results in Parts 5 and 6 as regards ammonia 
excretion, titratable acidity, and pH, and figures for these determinations are 
therefore not included in Table III. All that can be said is that there was the 
expected downward trend in ammonia excretion and a rise in the urinary pH; 
with the constant dose of 75 ml. of Shohl’s solution daily in Part 6 the urinary 
pH tended to become fixed at 7-3 to 7-5. The other determinations showed the 
following trends: 

1. Amino-nitrogen excretion. With the increasing doses of alkalinizing solu- 
tion in Part 5 there was an upward trend in the amount of amino nitrogen 
excreted, with a subsequent fall in Part 6 to levels little above those present 
in Part 4. But in only one period (27) was the ratio amino nitrogen x 100/total 
nitrogen above the normal upper limit of 3. 

2. Organic acid excretion. The excretion of organic acids increased during 
Part 5 to a greater extent than could be accounted for by the increases in citric 
acid excretion over the average basal excretion of the latter substance in 
Part 4. On the other hand, in Part 6, when a constant dose of Shohl’s solution 
was given, the total organic acid excretion fell rapidly to levels at first below, 
and later about the same as, the basal excretion in Part 4, in spite of the fact 
that the citric acid excretion in Part 6 was about 27 milliequivalents per period 
greater than in Part 4. 

3. Citric acid excretion. With the increasing doses of Shohl’s solution in 
Part 5 there was a progressive increase in the citric acid excreted in the urine. 
But over the whole of Part 5 the extra acid in the urine amounted to only 
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about 6 per cent. of the intake, and the work of Schuck (1934), Sherman, 
Mendel, and Smith (1936), Schroeder and Smith (1943), and Metcalf and 
Hathaway (1945) suggests that even this small increase was due to the alka- 
linizing effect of Shohl’s solution, and did not represent an excess of ingested 
citric acid which had escaped oxidation in the body. On the constant intake of 
Shohl’s solution in Part 6 the citric acid excretion settled down to a constant 
level, about twice as high as the basal excretion in Part 4. According to Shorr, 
Almy, Sloan, Taussky, and Toscani (1942), the excretion of citrate in the urine 
follows that of calcium, but the converse does not hold. The very low calcium 
excretion in the urine which continued in Parts 5 and 6, despite the increase 
in citric acid excretion, conforms to the latter finding. 


Progress during Treatment 

The patient’s symptoms remained unaltered until she had received Shohl’s 
solution for about three weeks. From this point onwards the bone pains 
rapidly became less severe, until about a week later they disappeared completely, 
and the patient was able to move freely and painlessly in bed; by this time 
tenderness on pressure over the bones could no longer be elicited. Her appetite 
improved greatly, and whereas at the beginning of the metabolic experiment 
she could only with difficulty be persuaded to eat the basal diet of 800 calories, 
she felt hungry on this low intake before the end of Experiment 1; on its 
conclusion she ate the ordinary ward diet with relish. Skiagrams taken three 
months after the institution of alkalinizing therapy showed that there was a 
generalized increase in the density of the bones, and that bony union was taking 
place in the symmetrical fractures ; these factors probably explain the relief of 
bone pain and tenderness. It is more difficult to account for the improvement 
in appetite. The initial acidosis and the subsequent increase in the plasma 
alkali reserve both seem too slight to have contributed in any great measure to 
the anorexia and to the subsequent recovery of appetite. In experimental 
animals a dietary deficiency of phosphorus leads to hypophosphataemia and 
anorexia. If the latter is due in any way to hypophosphataemia, the increase 
in the patient’s serum-phosphorus with alkalinizing therapy may have been a 
factor in restoring her appetite. The patient was discharged from hospital in 
July 1949, at the end of Experiment 1, on the therapeutic régime employed in 
Part 6 of this experiment. On readmission two months later for the radiological 
assessment mentioned above, her general condition was still satisfactory, and 
her weight had increased to 83 pounds. The blood and urine chemistry re- 
mained as they were at the end of Experiment 1. The improvement in the 
condition of the skeleton was considered sufficient to warrant the operative 
correction of the deformities of her lower limbs. To make sure that satisfactory 
bone healing was likely to occur, she was readmitted to hospital in November 
1949 for an experimental osteotomy of one of her metatarsal bones. Her blood 
chemistry had deteriorated once more, in that hypophosphataemia and a sub- 
normal plasma CO, combining power were again present. The dose of Shohl’s 
solution was therefore increased progressively, but the serum phosphorus and 
plasma alkaline reserve did not return to normal levels until she was taking 
no less than 200 ml. daily. One striking result of this intensification of alka- 
linizing therapy was that the elevated serum alkaline phosphatase activity 
(27 King-Armstrong units) began to decline within five days of increasing the 
dose of Shohl’s solution to 200 ml. daily. By the end of 30 days the level had 
fallen to 15 units, and by the end of 60 days it was below the upper limit of 
normal (13 units). An osteotomy dividing the shaft of the fourth right meta- 
tarsal bone was performed in December 1949, and serial skiagrams showed a 
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normal rate of bone healing. The success of this ‘pilot’ operation appeared to 
warrant an attempt to perform the major task of correcting the deformities of 
the femora. On February 27, 1950, a wedge osteotomy was performed in the 
subtrochanteric region of the femoral shaft on the right side by one of us 
(A.M.), and the limb was set in 30 degrees of abduction in a plaster spica. 
The plaster was bivalved on April 13. At this time the osteotomy was stable 
clinically, and radiological reports showed that good position was maintained 
at the osteotomy site, and that there was some evidence of early union. How- 
ever, later skiagrams taken in May showed no evidence of callus formation, and 
it was felt that this delay of union might be due to the superimposition on the 
underlying bone disease of an osteoporosis of disuse through immobilization 
in plaster. In view of the beneficial action of both oestrogens and androgens 
in various forms of osteoporosis (Reifenstein and Albright, 1947; Albright, 
1947; Anderson, 1950), the effects of androgen therapy were investigated in 
our patient in a second experiment which, like Experiment 1, is best described 
under two headings. The chemical data are given in Tables IIT and III, and 
in Fig. 1, under Experiment 2. 


Metabolic Investigations: Experiment 2 


Balance study of the metabolism of calcium, phosphorus, and nitrogen 

Throughout the whole of Experiment 2 the patient was maintained on a 
high intake of calcium and phosphorus, and was given 200 ml. of Shohl’s solution 
and 12,000 i.u. of vitamin D daily. The balance study was commenced after 
the usual six days to secure equilibrium, and consisted of three parts. 

Part 1 (Periods 37 to 40). This served as a control for Parts 2 and 3. Although 
the calcium intake was about the same as in Part 6 of Experiment 1, the excre- 
tion of calcium in both faeces and urine was greater, and the positive calcium 
balance was halved. A possible explanation for this decline in calcium retention 
is that the original ‘vacuum’ for calcium in the’ bones had by now been partially 
filled, as shown by the increased radiological density of the skeleton (Plate 2, 
Fig. 4b). The phosphorus retention was likewise less than in Part 6 of Experi- 
ment 1, but there was good agreement between the actual and theoretical 
phosphorus balances. With a nitrogen intake equal to that in the earlier 
experiment there was now a well-marked positive nitrogen balance, probably 
due to the higher caloric intake. The blood chemistry showed essentially normal 
levels of all the constituents determined. 

Part 2 (Periods 41 to 47). During the seven three-day periods of Part 2, 
25 mg. of methyl testosterone were given orally every day. The calcium intake, 
unfortunately, was lower during most of Part 2, so that no significance could 
be attached to the decline in the faecal calcium excretion. But the urinary 
calcium excretion began to fall after only three days of methyl testosterone 
therapy, and the average urinary calcium per period during Part 2 was almost 
half that of Part 1. In spite of the lower calcium intake, the positive calcium 
balance was greater than in Part 1, and this fact, with the considerable decrease 
in urinary calcium excretion, is considered to afford evidence that methyl 
testosterone promoted the retention of absorbed calcium. The positive phos- 
phorus balance was also increased, largely owing to a decline in the urinary 
phosphorus excretion, and there was still close agreement between the actual 
and theoretical phosphorus balances. There was the expected increase in 
nitrogen retention as a result of methyl testosterone therapy. The only sig- 
nificant alteration in the blood chemistry was a fall in the serum-phosphorus 
to a subnormal level. A similar fall in serum-phosphorus, though not to a 
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subnormal level, has been reported by Reifenstein and Albright (1947) after 
the administration of methyl testosterone to patients with postmenopausal 
osteoporosis. 

Part 3 (Periods 48 to 51). Methyl testosterone therapy was stopped in order 
to see whether there would be a reversal of any of the changes occurring in 
Part 2. Reifenstein and Albright (1947) stated that the effect of androgens on 
calcium metabolism persists for as long as 40 days after their withdrawal. But 
in the present experiment a decline in the effect of methyl testosterone therapy 
became evident within the 12 days of Part 3. The urinary calcium excretion 
showed a progressive increase from Period 49 onwards; the average faecal calcium 
excretion in Part 3 was slightly greater than in Part 2, although the average 
calcium intake was lower. The latter finding suggests that the decline in faecal 
calcium excretion from Part 1 to Part 2 may not have been due entirely to the 
decrease in calcium intake, but may also have reflected an action of methyl 
testosterone in reducing faecal as well as urinary calcium excretion, as reported 
by Reifenstein and Albright (1947). The positive calcium balance fell to a 
lower level even than in Part 1, but represented an almost identical proportion 
of the calcium intake. The intake and faecal excretion of phosphorus behaved 
like those of calcium, in that the intake was less than in Part 2 but the faecal 
excretion was greater; but the urinary phosphorus excretion remained low, 
and was even less than in Part 2. The positive phosphorus balance was lower 
than in Part 2, and now the actual and theoretical phosphorus balances did 
not agree, the former being more positive than the latter. The positive nitrogen 
balance decreased during Part 3, but was still somewhat greater than in Part 1. 
The serum-phosphorus rose from the subnormal level to which it had declined 
in Part 2, and was now at the lower limit of the normal range (2-5 mg. per 
100 ml.). 

Methyl testosterone therefore exerted the same beneficial effect on the cal- 
cium, phosphorus, and nitrogen balances in our patient as it has been shown to 
do in several forms of osteoporosis. This would warrant the inference that a 
disuse osteoporosis had been superimposed on the underlying bone disease, 
were it not for the fact that the androgen apparently exerted a direct amelio- 
rating effect on two of the metabolic abnormalities of the Fanconi syndrome 
that were now present in a more marked degree—an excessive excretion of 
ammonia and of amino nitrogen. It is conceivable, therefore, that the improved 
mineral balance brought about by methyl testosterone may have been the 
result of a lessening in the intensity of the metabolic abnormalities which give 
rise to disordered calcium metabolism in the Fanconi syndrome. 


The urinary excretion of ammonia, amino nitrogen, and citric acid (Table ITI, 

Experiment 2) 

Part 1. The total amount of ammonia nitrogen in the urine and the ammonia 
coefficient were both somewhat greater than in Part 4 of Experiment 1, 
although vigorous alkalinizing therapy was being given. The amino-nitrogen 
excretion also was now higher than at any time during Experiment 1, and 
Dent’s ratio now consistently exceeded the upper normal limit of 3. Con- 
sidered together, these two findings suggest that an intensification of at least 
two of the metabolic abnormalities of the Fanconi syndrome had occurred in 
the interval between Experiments 1 and 2. The citric acid excretion was 
scarcely greater than during Part 6 of Experiment 1, when only 75 mg. of 
Shohl’s solution were being given. 

Part 2 (Periods 41 to 47). With the administration of methyl testosterone 
there was a rapid decrease in the excretion of ammonia nitrogen, out of pro- 
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portion to the decline in the total nitrogen excretion, so that the ammonia 
coefficient was less than in Part 1. The amino-nitrogen excretion remained 
unaltered during Periods 41 to 43, despite the smaller total nitrogen excretion, 
but from Period 44 onwards it declined until it formed about the same pro- 
portion of the total nitrogen output as in Part 1. There was a striking decrease 
in the citric acid excretion, which was parallel to the fall in urinary calcium 
excretion. It is impossible, therefore, to decide whether the former was due 
to a direct effect of the androgen, as reported by Shorr, Bernheim, and Taussky 
(1942), or was merely secondary to the decline in urinary calcium excretion. 

Part 3 (Periods 48 to 51). The reduction in the excretion of both ammonia 
and amino nitrogen, which had occurred with the institution of methyl testo- 
sterone therapy in Part 2, persisted and became even more pronounced in Part 3, 
in spite of withdrawal of the androgen. The ammonia coefficient fell to about 
the lower limit of the normal range, while the ratio amino nitrogen x 100/total 
nitrogen was, for the first time in Experiment 2, lower than the critical level 
of 3. In contrast to these apparently persistent effects of the androgen, the 
citric acid excretion began to rise again, following the upward trend of the 
urinary calcium. The effect of methyl testosterone on ammonia and amino- 
nitrogen excretion suggests that the androgen may have exerted a favourable 
effect on whatever metabolic abnormality is responsible for the excessive 
excretion of these substances in the Fanconi syndrome. 


Further Progress under Treatment 


The patient’s weight had by July 1950 further increased to 98 pounds. 
Radiological evidence of firm union at the osteotomy site was obtained before 
the end of Experiment 2. The patient was therefore encouraged to stand and 
to walk with the aid of two sticks (Plate 1, Fig. 2b) and by the time she left 
hospital in August 1950 she could walk the length of the hospital ward. The 
radiological report on the skeleton at this time, 15 months after alkalinizing 
therapy had been started, confirmed the biochemical evidence of improvement. 
It read as follows: “There is considerable increase in the density of the bones, 
with nearly complete bridging of all the symmetrical fracture lines by well- 
developed new bone. Ne new fractures are present’ (Plate 2, Fig. 4b). Since 
the plaster spica had been bivalved, and exercises for the lower limbs com- 
menced, two weeks before the start of Experiment 2, no claim can be advanced 
that the improved union at the osteotomy site observed by the end of the 
experiment was due primarily to the short course of methyl testosterone. But 
the increased calcium retention brought about by the androgen suggests that 
stimulation of osteoblastic activity (or a decreased intensity of the metabolic 
abnormalities of the Fanconi syndrome) brought about by the hormone may 
have been a factor. It is hoped that the patient’s general condition will permit 
of a similar orthopaedic operation on the left femur at a later date. 


Discussion and Conclusions 

Prior to the metabolic experiments described above, only one of the six 
possible causes of osteomalacia enumerated by Albright, Burnett, Parson, 
Reifenstein, and Roos (1946) could be excluded with certainty, namely steato- 
rrhoea. It now remains to consider how far the metabolic studies enable the 
field to be narrowed down by exclusion of any of the other five possibilities. 

1. Simple vitamin-D lack. The high, rather than low, urinary calcium 
excretion with the low calcium diet (Part 1 of Experiment 1) is against such 
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a diagnosis. The improvement in the retention of calcium and phosphorus on 
the moderate dose of vitamin D in Part 3 of Experiment 1 was not as great 
as would have been expected had the fundamental abnormality been a primary 
lack of vitamin D, and there was no rise in the subnormal serum-phosphorus 
level. 

2. Refractoriness to the action of vitamin D. This is excluded by the 
deterioration in the calcium balance when a large dose of vitamin D was given 
during Part 4 of Experiment 1. 

3. Idiopathic hypercalcuria. This metabolic anomaly is characterized by a 
persistent hypercalcuria which remains constant in spite of changes in calcium 
intake or therapeutic measures. The hypercalcuria in our patient on the low 
calcium diet was minimal; in the only case of idiopathic hypercalcuria seen by 
us the urinary calcium excretion on a similar diet was thrice as great as in 
the present patient. Moreover, the treatment in Parts 5 and 6 of Experiment 1 
caused the urinary calcium excretion to sink to levels below those of normal 
persons on a similar intake of calcium. 

4, The hyperchloraemic, non-glycosuric form of renal acidosis is excluded 
by the absence of hyperchloraemia, and by the lack of evidence of any impair- 
ment of the ability of the kidney to form ammonia or to secrete an acid urine. 

This leaves the Fanconi syndrome as the only possible cause of the patient’s 
osteomalacia. Scrutiny of the metabolic data reveals certain findings which 
support such a diagnosis: 

1. The presence of renal glycosuria. 

2. Impairment of the renal tubular reabsorption of phosphorus. 

3. An excess of undetermined acid ions in the plasma. 

4, An excessive excretion of ammonia and amino nitrogen in the urine in 

Part 1 of Experiment 2. 

. Asomewhat abnormal distribution of aminoacids in the urine, in particular 
the presence of serine before hydrolysis. 

. A slightly excessive excretion of total organic acids in the urine. 

. The improvement in the serum-phosphorus and, later, the alkaline phos- 
phatase levels, and in the retention of calcium and phosphorus, following 
therapy directed towards relief of the systemic acidosis. 

Apart from the bone lesions, none of the metabolic abnormalities of the Fanconi 
syndrome were present except in a minor degree. But in the aggregate the 
evidence suggests to us that our patient exhibited, in the very mildest form, 
the group of metabolic disturbances which characterizes this syndrome. It is 
our contention that this patient affords a link between the classical Fanconi 
syndrome and the group of adult patients with osteomalacia, hypophos- 
phataemia, and renal glycosuria alluded to by Cooke, Barclay, Govan, and 
Nagley (1947). In none of the reports of cases belonging to the latter group was 
there the suggestion that they might represent a mild form of the Fanconi 
syndrome occurring in adults. Consequently there was little or no investigation 
of points which would have been helpful in clarifying this question. However, 
certain common features other than the triad of bone lesions, hypophos- 
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phataemia, and renal glycosuria run through the case reports as shown in 
Table IV, in which we have included the comparable findings in our patient 
and in the indubitable case of the Fanconi syndrone reported in an adult by 
Stowers and Dent. Table IV brings out the following points regarding Group 
(a): (1) Acidosis, although not always accompanied by a low plasma alkali 


TaBLE IV 
Features Common to the Fanconi Syndrome and to the Syndrome of Osteomalacia, 
Renal Glycosuria, and Hypophosphataemia in Adults 


2 


(a) Osteomalacic, 
phosphataemic, an 
renal glycosuric syn- 
drome: 


childhood 
Renal tubular 


Rickets in 


Not 
Milkman (1934) mentioned 

Not 
Hunter (1935) (1) — mentioned 

ot 
mentioned + mentioned 
Positive 
Edeiken and Not Fishberg 
Schneeberg (1943) + mentioned test 


+ 
Cooke, Barclay, Govan, (subnormal Present at 
and Nagley (1947) serum pH) + autopsy 
+ Positive 
Present case (increased P Fishberg 
test 


(mild) clearance) 
(6) Fanconi syndrome 
in adult: 

(but un- Present at 
Stowers and Dent (1947) M identified Not autopsy 

acids in mentioned 

serum) 
reserve, was present in the three cases in which it was looked for. (2) Hyper- 
calcuria is a frequent, though not invariable, finding. (3) Decreased renal 
tubular reabsorption of phosphorus was present in the three cases in which it 
was looked for. (4) A history of ‘rickets’ in childhood was given in three of 
the six cases in Group (a), and also in the patient with the Fanconi syndrome. 
This seems far too high a proportion to be explained as the coincidental occur- 
rence of ordinary nutritional rickets, and suggests that the so-called rickets was 
really the initial skeletal manifestation of the underlying metabolic disorder, 
occurring at a time of rapid skeletal growth, when even a mild disturbance of 
calcium metabolism would produce a marked effect on the bones. (5) In view 
of the striking improvement in calcium and phosphorus metabolism brought 
about in our patient by alkalinizing therapy, it is arguable that in the five other 
cases in Group (a) the lack of response to calcium and vitamin D may have 
been due to failure to provide alkalinizing therapy in addition. (6) Degenera- 
tive lesions in the proximal convoluted tubules have been a frequent finding 
at autopsy in cases of the Fanconi syndrome both in children and adults 
(Fanconi, 1936; Guild, quoted by McCune, Mason, and Clarke, 1943; Stowers 
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and Dent, 1947). In both the two cases in Group (a) of Table IV which came 
to autopsy (Milkman, 1934; Cooke, Barclay, Govan, and Nagley, 1947) renal 
tubular changes were present, while both in our patient and in the case reported 
by Edeiken and Schneeberg (1943) the Fishberg urine-concentration test was 
positive. 

Our hypothesis regarding the identity of the syndrome of osteomalacia, 
hypophosphataemia, and renal glycosuria in adults with the Fanconi syndrome 
has still to be reconciled with the observed facts that the classical Fanconi 
syndrome is almost certainly congenital in origin, and is a progressive disease, 
with symptoms appearing first in infancy and proving fatal in a few years, 
whereas the syndrome under discussion, while possibly manifesting itself in a 
mild degree in childhood, does not assume the proportion of a major disorder 
until adult life. From an examination of the incidence of manifestations of 
the Fanconi syndrome in other members of the family of their adult patient, 
Stowers and Dent (1947) suggested that the gene responsible for the syndrome 
is a dominant; homozygotes would therefore develop the syndrome in early 
life or die in utero, whereas heterozygotes might develop the disease more 
insidiously or more variably. The latter class might well include the cases in 
Group (a) of Table IV. A second possibility has to be considered, namely, that 
these cases might represent an acquired form of the syndrome, in which previ- 
ously normal renal tubules suffered damage which brought about the same 
metabolic disturbances as those responsible for the congenital form of the 
Fanconi syndrome. The frequent occurrence of ‘rickets’ in childhood, which 
in our opinion probably represents an early manifestation of the disorder which 
develops later in adult life, and the absence of a history of renal disease or 
urinary tract infection, are arguments against an acquired origin. 

The striking response of our patient to alkalinizing therapy holds out the 
hope of a more favourable prognosis in other patients with the triad of symptoms 
of osteomalacia, hypophosphataemia, and renal glycosuria than the years of 
invalidism and slowly progressing skeletal disease described in the case reports 
hitherto published. Whether the treatment would be effective in an unmistak- 
able case of the Fanconi syndrome occurring in childhood is less certain. 
Indeed, Gittleman and Pincus (1940) obtained no improvement either in the 
hypophosphataemia or in the degree of skeletal calcification from the admini- 
stration of 60 ml. of Shohl’s solution daily for a period of three months in such 
a case, that of a girl aged four years. The action of methyl testosterone in 
Experiment 2, in which it apparently reduced the excessive excretion of 
ammonia and amino nitrogen, in addition to exercising its known effect of 
promoting the retention of calcium, phosphorus, and nitrogen, inevitably leads 
to speculation as to a possible beneficial action of the hormone on the patient’s 
disordered renal tubular function. It has been established experimentally that 
in certain species of animals testosterone causes enlargement of the kidneys, in 
which a hypertrophy of the epithelium of the convoluted tubules is the most 
marked feature. There is also evidence that. in dogs this renotropic action of 
testosterone is associated with an increase in the maximum tubular excretory 
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capacity (Welsh, Rosenthal, Duncan, and Taylor, 1942) and that in the rat 
it will minimize the tubular damage caused by mercuric chloride (Selye, 1940), 
and prevent the tubular atrophy ordinarily caused by ligation of the ureter 
(Selye and Friedman, 1941). Experiments in man, either in normal persons or 
in patients suffering from glomerulo-tubular insufficiency, have failed to show 
a significant increase in renal function through the action of testosterone in 
doses of up to 300 mg. per day (Lattimer, 1942; Klopp, Young, and Taylor, 
1945), although Henderson, Seneca, Abd el Messih, and Weinberg (1948) were 
convinced from clinical evidence that testosterone propionate in doses of only 
25 mg. daily has a life-saving action in the secondary renal failure and uraemia 
of cholera. There is thus little or no proof that testosterone can improve renal 
function in patients with the serious organic changes in the kidney associated 
with glomerulo-tubular insufficiency. But the effect of the hormone on both 
intact and damaged renal tubules in experimental animals affords support to 
the suggestion that in our patient, where the renal damage is probably limited 
to degenerative changes in the tubular epithelium, methyl testosterone may 
have led to sufficient reparation of the tubules to induce a reversal of their 
disordered function. We have no definite evidence that this action of methyl 
testosterone in reducing the aminoaciduria of our patient was a specific effect 
on the damaged tubules, and not merely one which might be demonstrable in 
normal persons. We can quote only one unpublished experiment of our own 
in favour of such specificity. In a girl aged 14 years suffering from osteogenesis 
imperfecta, to whom oestrogen was being given, the additional administration 
of methyl testosterone in a dose comparable to that used in the present 
patient caused an increase, rather than a decrease, in the total amount of 
aminoacids excreted in the urine, in spite of the expected reduction in the 
urinary total nitrogen ; the aminoacid excretion subsequently fell to the previous 
level on withdrawal of the androgen. We feel that even the incomplete evidence 
we have adduced warrants further investigation of the possible beneficial action 
of androgens on the disordered metabolism of the Fanconi syndrome. 
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Summary 
1. The case is reported of an adult female patient with severe osteomalacia, 
hypophosphataemia, mild acidosis, and renal glycosuria. Metabolic studies 
showed that certain other manifestations of the Fanconi syndrome were 
present. 
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2. The metabolism of calcium and phosphorus was studied during treatment 
successively with vitamin D, Shohl’s citric-acid-sodium-citrate solution, a high 
intake of calcium and phosphorus, and methyl testosterone, with the following 
results. (1) Vitamin D in a moderate dose increased the retention of calcium 
and phosphorus, but in high dosage had a deleterious effect on the calcium 
balance. (2) Shohl’s solution produced a well-marked increase in the retention 
of calcium and phosphorus, and caused the serum-phosphorus to rise to a normal 
level; at the same time it brought about rapid relief of the bone pain and 
tenderness. (3) A high intake of calcium and phosphorus enhanced the effect 
of Shohl’s solution on the retention of these substances. (4) Increase of the 
dose of Shohl’s solution to the high level of 200 ml. per day caused a fall in 
the serum alkaline phosphatase activity to an essentially normal level, and 
led to a considerable recalcification of the skeleton and healing of the numerous 
pathological fractures. (5) Methyl testosterone in a dose of 25 mg. orally per 
day increased the retention of calcium, phosphorus, and nitrogen, and caused 
a fall in the excessive ammonia and amino-nitrogen excretion in the urine. 
The action of the androgen on mineral metabolism is considered to be due 
either to the relief of a superadded disuse osteoporosis or, in view of its effect 
on ammonia and amino-nitrogen excretion, to a beneficial action on the dis- 
ordered renal tubular function. 

3. There was no apparent disorder of citric acid excretion. The admini- 
stration of methyl testosterone led to a diminution in the urinary excretion 
of citric acid. 

4, Attention is drawn to a group of similar adult cases in the literature, 
which presents three common features—bone lesions, hypophosphataemia, 
and renal glycosuria. Correlation of their clinical and biochemical manifesta- 
tions suggests that these cases presented other features of the Fanconi syndrome. 

5. The hypothesis is advanced that this group of cases represents a mild 
or variant form of the Fanconi syndrome in which major symptoms do not 
arise until adult life, but which may manifest itself in a mild form in early 
childhood, simulating nutritional rickets. 

6. Patients with the syndrome under discussion should respond to treatment 
directed towards correction of the metabolic disorder, viz. a high calcium and 
phosphorus intake, alkalinizing therapy to overcome the acidosis, and vitamin 
D in moderate doses. The apparent beneficial action of methyl testosterone 
on certain features of the abnormal metabolism in our patient warrants further 
investigation of its potentialities in this syndrome. 
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Quarterly Journal of Medicine Vol. XXI, New Series, Pl. 1 


Fia. 2. (a) Patient before treatment, showing dwarfism, inability to stand, and gross deformity of 
lower limbs. 
(b) Patient after subtrochanteric osteotomy of right femur. 


(a) Diagram of two-dimensional chromatogram from 
25 pl. of pooled urine from Period 37. Urine was ab- 
sorbed on a spot at the bottom right hand corner. The 
phenol run was made from the right edge of the paper to 
left, and after drying the ‘collidine’ was run from the 
bottom edge upwards. The circles indicate positions, 
and their areas the relative intensities, of the ninhydrin- 
reacting compounds. 1, glycine; 2, glutamic acid; 
3, serine; 4, alanine; 5, taurine; 6, valine; 7, asps tic 
acid; 8, glutamine; 9, ‘under alanine’; 10, y-amy.o- 
isobutyric acid. 


(b) One-dimensional chromatograms of pooled 

3-day urine collections of Periods 23, 26, 30, 37. 

25 yl. of urine treated with H,O, and run in 
phenol. 


— 
| 
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Fic. 4. (a) Pelvis and upper ends of femora immediately before treatment, showing the gross generalized 
decalcification ; deformed, trifoliate shape of pelvis ; and fissure fractures traversing completely the necks of 
both femora, both superior pubic rami, and both ischio-pubic rami. 


(b) Pelvis after 15 months’ treatment as described in the text, showing the improvement in the state of 
generalized calcification ; the nearly complete bridging of the fissure fractures with well-developed new 
bone; and the satisfactory union at the site of the right subtrochanteric femoral osteotomy. 
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OBSERVATIONS ON THE FANCONI SYNDROME AND 
RENAL HYPERCHLORAEMIC ACIDOSIS IN 
THE ADULT?! 


By M. D. MILNE, S. W. STANBURY, anp A. E. THOMSON 
(From the Department of Medicine, University of Manchester) 


With Plate 3 


RENAL disease and the attendant disturbances of homoeostasis are not in- 
frequently responsible for the production of skeletal lesions, which may be 
clinically obvious or detectable only on careful histological examination. Most 
commonly bone lesions develop in cases of chronic azotaemic renal failure with 
high levels of plasma inorganic phosphate. The pathogenesis of this form of 
osteodystrophy, variously designated ‘renal rickets’ and ‘renal osteitis fibrosa 
generalisata’ (Albright, 1936) is still uncertain. Histologically the wide osteoid 
seams of osteomalacia may be found together with changes typical of osteitis 
fibrosa (Follis and Jackson, 1943; Berner, 1944; Follis, 1950). The precise role 
played by systemic acidosis, by functional hyperparathyroidism, and by the 
changes in serum-calcium and -phosphate concentrations remains undecided. 
Less frequently an osteodystrophy, with the clinical, biochemical, and histologi- 
cal characteristics of osteomalacia alone, develops in association with chronic 
acidosis of renal origin. Cases of this type fall into two groups which hitherto 
have been considered as constituting completely separate, unrelated syndromes. 
Each syndrome appears to have origin in a functional disturbance of the renal 
tubules and, in the absence of dehydration, the blood urea is usually normal. A 
low level of plasma inorganic phosphate is the rule, and the renal clearance of 
phosphate is abnormally high. Although the two syndromes were first recognized 
in infants and children, apparently typical cases have subsequently been met in 
adults and there is, as yet, little reason to separate the adult and juvenile forms. 
In ‘hyperchloraemic renal acidosis’ a low plasma-bicarbonate is associated with 
a high plasma-chloride, and the urine is either faintly acid or consistently alka- 
line, but invariably its pH is high in relation to the degree of systemic acidosis 
(Albright, Burnett, Parson, Reifenstein, and Roos, 1946; Baines, Barclay, and 
Cooke, 1945; Payne, 1948; Stapleton, 1949). Osteomalacia and acidaemia when 
present in the ‘Fanconi syndrome’ are associated with renal glycosuria and 
renal aminoaciduria (Fanconi, 1936; Stowers and Dent, 1947; Dent, 1947). In 
some such cases the urine formed is abnormally alkaline, as in hyperchloraemic 
acidosis, but in others, as is clear from the exhaustive review of McCune, 
Mason, and Clarke (1943), it is acid to a degree appropriate for the degree of 
systemic acidosis. 
1 Received June 4, 1951. 
Quarterly Journal of Medicine, New Series XXI, No. 81, January 1952. 
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In recent years, largely as a result of the work of R. F. Pitts and his collabora- 
tors, a great deal has been learned of the intimate renal mechanisms concerned 
with the maintenance of acid-base equilibrium in the blood of normal man 
(Pitts and Alexander, 1945; Pitts and Lotspeich, 1946; Pitts, 1948; Pitts, 
Lotspeich, Schiess, and Ayer, 1948; Schiess, Ayer, Lotspeich, and Pitts, 1948; 
Pitts, Ayer, and Schiess, 1949; Sartorius, Roemmelt, and Pitts, 1949). Latner 
and Burnard (1950) have used this knowledge with conspicuous success in 
elucidating the defect of tubular function in hyperchloraemic acidosis. From 
their investigations it seems probable that the principal disturbance in these 
cases is failure of complete bicarbonate absorption in the proximal renal tubule. 
The resulting obligatory absorption of bicarbonate in the functionally intact 
distal tubule produces a physiological inhibition of ammonia and acid secretion. 
This, rather than any intrinsic inability to form ammonia or free acid, appears 
to underlie the failure of Albright and Reifenstein (1948) to increase their excre- 
tion in such cases by the administration of acidifying salts. There is less precise 
information concerning the renal disturbance responsible for acidosis in the 
Fanconi syndrome, and in the present paper we attempt to remedy this defi- 
ciency. An adult case of the Fanconi syndrome and one of hyperchloraemic 
acidosis are described. The former, in addition to the usual renal aminoaciduria 
and glycosuria, showed evidence of defective bicarbonate reabsorption in the 
proximal tubule. The clinical features, the changes in blood chemistry, and also 
the disturbance of renal tubular function responsible for the production of 
systemic acidosis, were similar in each case. 


Case 1. Fanconi Syndrome 


The patient was a widow aged 51 years; she had had no children. There had 
been no past illness of significance, nor had she experienced symptoms sugges- 
tive of primary renal disease. For the previous three years she had complained 
of severe aching pain in the lumbar region of the back and in the upper thighs. 
This had become steadily worse until it began to interfere seriously with walking 
and, on admission to hospital, she could not move in bed without severe pain. 
Two and a half years earlier glucose and ketone bodies were discovered in her 
urine, and the incorrect diagnosis of diabetes mellitus had been made, the pains 
being attributed to diabetic neuritis. On one occasion, six months prior to 
admission, she had awakened in the morning unable to move any of her limbs, 
although she could still raise her head and swallow. This paralysis continued for 
two days before spontaneous relief occurred. The serum level of potassium was 
not determined at this time, but in view of the extremely low value obtained sub- 
sequently there is little doubt that the attack was an episode of hypokalaemic 
paralysis. The patient had only two surviving blood-relations, neither of whom 
had similar symptoms. Examination showed extreme tenderness of the lower 
spine, hips, and upper femora; the slightest movement produced severe pain. 
Routine examination of the urine revealed fixation of specific gravity at 1-012 
and a constant slight albuminuria; the Benedict test for reducing substances 
and Rothera test for ketone bodies were positive in all specimens. Radiology of 
the skeleton showed a generalized reduction of bone density, with pseudo- 
fractures (Looser’s nodes) in the sixth, seventh, eighth, and ninth right and 
eighth and ninth left ribs. Low-voltage T waves suggestive of hypokalaemia 
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were found on electrocardiography. Tests of hepatic function were all normal 
(see the subsequent biochemical section). The blood showed the biochemical 
abnormalities of osteomalacia; the serum-calcium was 9-0 mg. per 100 ml., the 
serum inorganic phosphorus 1-7 mg. per 100 ml., and serum alkaline phospha- 
tase 16 King-Armstrong units per 100 ml. The serum-potassium was very low, 
namely 2-2 mKq per litre (9 mg. per 100 ml.) ; serum-bicarbonate was 14 mEq 
per litre (31-5 ml. CO, per 100 ml.) and plasma-chloride 118 mEq per litre. Other 
biochemical findings are given in detail in the succeeding section. Diagnosis 
of the Fanconi syndrome was made certain by the finding of a grossly abnormal 
urinary excretion of aminoacids, as described later. 

The patient received the alkalinizing treatment described by Albright, 
Consolazio, Coombs, Sulkowitch, and Talbott (1940) for the treatment of renal 
tubular acidosis. This consisted of the following mixture: citric acid 140 gm., 
sodium citrate 75 gm., and potassium citrate 25 gm., dissolved in one litre 
of water ; 30 ml. were given five times daily. In addition she received 8 gm. of 
calcium lactate and 150,000 units of calciferol each day. After three weeks 
of this régime there was great symptomatic improvement; the patient could 
now move and walk without pain, and the tenderness in the lumbar spine and 
upper thighs was largely relieved. Two weeks later the symptoms had virtually 
disappeared, and on radiological examination it was found that all the pseudo- 
fractures of the ribs had completely healed. At this time the serum-calcium 
had risen to 12-5 mg. per 100 ml., and the serum-bicarbonate was 31-9 mEq per 
litre (71-7 ml. CO, per 100 ml.); therapy was accordingly modified, the citrate 
mixture being given three times a day and the dose of calciferol reduced to 
50,000 units. After discharge from hospital the patient’s condition remained 
very satisfactory, but she developed moderate oedema of the legs. The blood 
chemistry was now normal, although the serum-potassium remained rather low. 
The proportion of sodium citrate in the mixture was therefore reduced, and that 
of potassium citrate correspondingly increased. As the patient lives several 
hundred miles from Manchester, it is not known whether this has led to dis- 
appearance of the oedema. 


Biochemical investigations 


Additional blood chemistry. 

Blood pH prior to therapy _7-1 to 7-3 

Serum-albumin 4-2 gm. per 100 ml. 

Serum-globulin 3-5 gm. per 100 ml. 

Thymol turbidity 2-3 units 

Serum-bilirubin 0-3 mg. per 100 ml. 

Plasma amino-nitrogen 6-7 mg. per 100 ml. (Normal for method 4-8 

mg. per 100 ml.) 
Blood-urate 1-5 mg. per 100 ml. 
Blood-lactate 19 mg. per 100 ml. 


Electrolyte balance of plasma; response to therapy. These are summarized in 
Table I. No determinations were made of serum-magnesium or -sulphate, but 
even in the absence of these data it was clear that the plasma contained no excess 
of undetermined anion. Full data, for instance, available on January 29, 1951, 
prior to therapy, showed: 

Na: + K- + Ca- 

136 2:2 4-5 = 142-7 mKq cation per litre 
Cl’ + HCO,’ + HPO,” + Protein 
117 V4 0-8 18-7 = 150-5 mEq anion per litre. 
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During therapy, as the plasma levels of chloride, bicarbonate, phosphate, and 
calcium changed materially, the cation-anion balance appeared to be maintained. 


Glucose tolerance. 
Fasting blood sugar 86 mg. per 100 ml. 
Blood sugar 3} hr. after 50 gm. glucose 162 
177 
187 
152 
128 


Galactose tolerance. 
Blood galactose 4 hr. after 40 gm. galactose 36 mg. per 100 ml. 
74 


” 9 0 J) ” 


Galactose index 158 (normal up to 160; Maclagan, 1940). 


During the five hours after ingestion of galactose, 825 mg. of non-fermentable 
reducing substance were excreted in the urine. This is within normal limits 


TABLE I 


Plasma Electrolytes: Response to Therapy 


Sodium Potassium Chloride Bicarbonate Calcium Phosphate 
mEq|litre mEq|litre 
mEq|litre mEq|litre mEgq|litre (ml. CO,/100 ml.) (mg./100 ml.) (mg./100 ml.) 
Before commencement of therapy: 


24.1.51 136 2-2 118 13-6 
(30-6) 
29.1.51 136 2-2 117 14-0 
(31-5) 


31.1.51 Treatment started. 
Calciferol 150,000 units per diem ; calcium lactate 8 gm. per diem; citrate ion 28-6 gm., 
sodium (as citrate) 2-5 gm., potassium (as citrate) 1-3 gm. per diem: 
2-86 


3-2 
26.2.51 3-1 


5.3.51 


9.3.51 Treatment modified. 
Calciferol 50,000 units per diem; citrate 17-2 gm., sodium 1-5 gm., potassium 0-78 gm. 
per diem: 
27.3.51 132 3-3 5-6 1:3 
(11-3) (2-3) 
The values for phosphate mEq/litre were calculated on the assumption of a valency of 1-8. 


(Shay, Schloss, and Bell, 1931), and points to a normal renal threshold for 
galactose. 

Fat balance. On a diet containing 70 gm. of fat per diem, the mean recovery of 
total fatty acid from the stools over a four-day period was 0-64 gm. per diem. 
This represents 99 per cent. fat absorption, and excludes steatorrhoea. 


: 
0-99 
(1-7) 
4-5 0-76 
(9-0) (1-3) 
(51-7) ~ 
27-7 
107 26-0 1-9 
(58-5) (3:3) 
(71-7) (12:5) 
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Renal function. The daily output of urine was constant at approximately two 
litres, and all specimens contained a small amount of protein. The urine pH 
varied between 6-7 and 7-2 when measured at room temperature; glycosuria, 
ketonuria, and aminoaciduria were constantly present. The nitrogen partition 
in the urine, and clearances of urea, creatinine, and inulin, were as follows: 


Per cent. of total nitrogen: urea-N, 48-61; amino-N, 15; ammonia-N, 6-9. 

Plasma-urea, 27 mg. per 100 ml.; plasma-urea clearance (U. V/P; mean of 
eight clearance periods), 22 ml. per minute; ratio Curea/Cinuiin, 0-64. 

Plasma-creatinine, 1-45-2-05 mg. per 100 ml.; creatinine clearance (mean of 
14 clearance periods on two separate occasions), 29 ml. per minute. 

Inulin clearance (mean of 13 clearance periods on two separate occasions), 
31 ml. per minute. 

fsosthenuria: the patient showed none of the characteristic diurnal variations 
in urine flow, electrolyte excretion, and urine pH seen in normal subjects 
(Stanbury and Thomson, 1951a@; Mills and Stanbury, 1951). The urine specific 
gravity was invariably 1-012, even after fluid deprivation for 16 hours. This 
corresponds to a specific gravity of 1-010 when allowance is made for the in- 
fluence of glucose and protein. 

Comment. Preservation of a normal level of blood-urea in face of a markedly 
reduced glomerular filtration rate was presumably made possible by the com- 
bination of polyuria with excretion of nitrogen in forms other than urea. Excre- 
tion of amino-nitrogen and ammonia-nitrogen effectively increased the urea 
clearance to 30 ml. per minute. On the other hand, excretion of normal amounts 
of creatinine was possible only with an increase of its plasma level (Gamble, 
1947). 

Special investigations 

1. The excretion of bicarbonate. Before treatment, when the plasma level of 
bicarbonate was 14 mKq per litre (31-5 ml. CO, per 100 ml.), the daily excretion 
of bicarbonate in the urine was approximately 20 mEq. This was unequivocal 
evidence of a reduced renal threshold for bicarbonate, since at this plasma level 
all bicarbonate filtered should be reabsorbed in the proximal tubule (Pitts and 
Lotspeich, 1946: Pitts, Ayer, and Schiess, 1949). An attempt was made, there- 
fore, to define the site of defective tubular absorption, and to see whether the 
latter was remedied by phosphate infusion, as is the similar defect in infantile 
hyperchloraemic acidosis (Latner and Burnard, 1950). Clearance determina- 
tions were made on January 29, 1951, using a drip infusion of inulin in normal 
saline for filtration-rate measurement. To allow of the determination of its 


TaBLeE IT 
Bicarbonate Excretion: Effect of Phosphate Infusion 


excretion 
(uEq/min.) 


(mEq/litre) 


Ammonia 


Plasma 
bicarbonate 


70-84 


infusion 25-0 1-8 5-2 97-109 42-43 14:0 


The figures for excretion rates and clearances represent the mean of several collection 
periods. Urine and plasma pCO, were calculated by the methods used by Pitts and 
Lotspeich (1946). 


F 


SS 
Before 
infusion 20°5 1:5 4-4 44-46 
After 
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carbon dioxide tension (pCO,), urine was allowed to drain under oil from the 
catheter, bladder-emptying being facilitated by firm suprapubic pressure. (For 
the accurate measurement of inulin and other renal clearances, additional col- 
lections were made with the usual technique; the bladder was washed with 
100 ml. of sterile distilled water, followed by air injection and suprapubic pres- 
sure.) After several control periods, isotonic neutral sodium phosphate was 
infused at 5 ml. per minute, a total of approximately 600 ml. being given. No 
adverse effects were seen during the infusion, but mild tetany developed within 
two hours. The plasma level of bicarbonate remained essentially unchanged 
during the infusion, but as the phosphate increased from 0-42 to 4-0 mM per 
litre (1-3 to 12-5 mg. per 100 ml.) the plasma-chloride progressively fell from 
117 to 110 mEq per litre. The results of this investigation are presented in 
Table II; they may be summarized as follows: 


(1) It is confirmed that the renal threshold for bicarbonate was depressed, 
and that almost 5 per cent. of the bicarbonate filtered at the glomerulus 
was excreted in the urine. 

(2) The CO, tension (pCO,) of the urine was consistently higher than that of 
the plasma. This indicates that the kidney was producing molecular 
carbonic acid (H,CO,) and thus that bicarbonate absorption was occurring 
in the distal tubule (Pitts and Lotspeich, 1946). This fact places the 
absorptive defect in the proximal tubule. 

(3) Phosphate infusion failed to remedy the absorptive defect. 


We have no adequate explanation for the reciprocal changes in the plasma 
levels of chloride and phosphate; they could not be accounted for by loss of 


TABLE IIT 
Electrolyte Excretion 


Excretion fraction 


Execretion rates Renal clearance Cy x 100 
Status (uEq/min.) (ml./min.) Cinul. 


Na K Cl HCO,Inllin Na K Cl HCO, Na K (Cl HCO, 

Before therapy 111 37 87 20 34 80-82 17 0-75 15 2-4 50 2-2 4:3 

(mean of 3 col- 

lection periods) 
26th day of ther- 103 38 33 28 «0-78 12 1:3 2-8 44 

apy 

(mean of 5 col- 

lection periods) 


chloride in the urine. We have, however, seen the same phenomenon during 
phosphate infusion in infantile hyperchloraemic acidosis (Komrower, Morris, 
Stanbury, and Thomson, 1951). In an infant aged eight months the plasma- 
chloride fell from 124 to 118 mEq per litre as the phosphate increased from 5-4 
to 12-2 mg. per 100 ml. 

With alkalinizing therapy the plasma level of bicarbonate increased without 
much change in its excretion rate, the renal clearance falling slightly (Table ITI). 
On January 29, 1951, the plasma level was 14 mEq per litre, and the tubules 
reabsorbed 0-46 mEq of bicarbonate per minute, or 1-34 mEq from each 100 ml. 
of glomerular filtrate. By February 26, 1951, the plasma level had reached 26 mEq 
per litre, and now the bicarbonate reabsorbed was 0-73 mEq per minute, or 
2-57 mEq per 100 ml. of glomerular filtrate. There was thus no absolute loss of 
tubular absorptive capacity for bicarbonate; the amount absorbed increased 
with the increase in the amount filtered, as occurs in the normal kidney, It 
appears that there is a selective loss of the ability to absorb some particular 


: 
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small moiety of the filtered bicarbonate, and presumably chloride ion takes its 
place in the reabsorbate. It is probable that a similar abnormality of bicarbon- 
ate reabsorption was present in other cases of the Fanconi syndrome, for many 
have been described with a very low alkali reserve and a disproportionately 
alkaline urine. Associated elevation of the serum-chloride level is not usual, but 
Caussade, Verain, and Neimann (1940) described a case, in a child aged 64 years, 
with a serum-chloride of 125 mKq per litre. 

2. The excretion of sodium and potassium. Data regarding the clearances of 
sodium and potassium before and during therapy are included in Table III. 
These show high values for the ‘excreted fraction’ of filtered sodium and potas- 
sium, which Platt (1950) has shown to be a characteristic finding in cases of 


TABLE IV 
The Excretion of Phosphate 


Plasma inorganic 
phosphorus Phosphate clearance Phosphate clearance 
Status (mg./100 ml.) (ml./min.) Inulin clearance 
Before treatment . 0-73 

Before infusion 5 3 0-72 

During phosphate infu- m 0-79 
0 
1 


sion (600 ml. isotonic 0-77 
neutral sodium phos- 0-90 
phate; 5 ml. per min.) 

26th day of therapy (mean 
of 5 clearance periods) 3-3 0-37 


chronic renal failure. Particular attention might be drawn to the fact that 
potassium was excreted in amounts roughly equivalent to 50 per cent. of the 
load filtered at the glomerulus. This occurred in spite of the low plasma level 
of 2-2 mEq per litre (8-6 mg. per 100 ml.), and resulted in a continued daily loss 
of about 65 mEq of potassium. The similarity both of the sodium clearances 
and of the derived ‘excreted fractions’ before and after treatment is of some 
clinical significance. During the period between the two determinations the 
patient had been taking an additional 2-5 gm. (109 mEq) of sodium per diem 
in the form of citrate. As may be seen from Table ITI, the mean rates of sodium 
excretion were not materially different. This failure to increase sodium excretion 
in proportion to the increased intake was probably responsible for the develop- 
ment of overt oedema during the seventh week of therapy. 

3. The excretion of phosphate. The renal clearance of inorganic phosphate 
was measured before and after therapy, and it was also possible to determine 
clearance values with artificially raised plasma-phosphate levels during the 
phosphate infusion. The data obtained are presented in Table IV. On her ad- 
mission to hospital, when the plasma level of inorganic phosphate was 1-3 to 
1-7 mg. per 100 ml., the patient excreted in the urine 550 to 645 mg. of phos- 
phate per diem. This represented a renal clearance of about 20 ml. per minute, 
and pointed to the existence of renal phosphaturia. On treatment, the plasma- 
phosphate increased rapidly (Table I) without material change in the daily 
excretion of phosphate in the urine; on the 20th day of therapy excretion was 
510 mg. a day and the plasma level 3-4 mg. per 100 ml. The phosphate clearance 
fell to 10 ml. per minute, a value approaching normal for the plasma level of 
3-3 mg. per 100 ml. These findings can best be appreciated by comparing them 
with the normal, in which the phosphate clearance increases with the plasma- 
phosphate level. The ratio of phosphate clearance to glomerular filtration rate, 
which represents the fraction of filtered phosphate unabsorbed by the tubules, 
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increases progressively with the plasma-phosphate to approach a value of 1-0. 
In Fig. 1 we compare the figures for this ratio (Cp/G.F.R.) in the patient with 
values obtained in normal subjects over a wide range of plasma-phosphate levels 
(Lambert, van Kessel, and Leplat, 1947; Milne, 1951). The grossly abnormal 
values in the patient before treatment are at once apparent. Moreover, during 
the phosphate infusion the clearance of phosphate increased until it approxi- 
mated to the filtration rate (Cp/G.F.R. = 0-90, Table IV) at a plasma level of 


g 


e Normal subjects (Lambert, van Kessel, & Leplat, 1947) 
o Normal subjects (Milne, 1951) 
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Fic. 1. Relation of the phosphate/creatinine clearance ratio to the plasma-phosphate 
level in normal subjects and in the case of the Fanconi syndrome before and after 
treatment. 


11 mg. per 100 mJ. At a corresponding plasma level in normal subjects, the 
ratio Cp/G.F.R. did not exceed 0-50. The effect of treatment is equally clear in 
Fig. 1; the ratio Cp/G.F.R. now comes close to the normal range. 

4. The excretion of ammonia. All specimens of urine examined showed an in- 
creased ammonia coefficient, which varied between 6 and 9 per cent. of the total 
urinary nitrogen. The average daily excretion of ammonia was 50 mEq at an 
average urine pH of 6-9. This approximates to the average daily output of 
ammonia by healthy individuals on an ordinary diet. As in the case of phosphate, 
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these findings are clarified by comparison with ammonia excretion in normal 
subjects. Such a comparison is made in Fig. 2, which shows ammonia excretion 
in relation to urine pH in the patient and in a series of normal subjects aged 
19 to 31 years. In the normal subjects the urine pH either changed spontaneously 
(Stanbury and Thomson, 1951a) or was altered acutely by the ingestion of 
acidifying and alkalinizing salts (Wolf, 1947) or by voluntary hyperventilation 


Stanbury & Thomson 1951 ® 
Wolf 1947 a 
Fanconi Syndrome (e) 
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Fic. 2. Relation between urine pH and ammonia excretion in 
normal subjects and in the case of the Fanconi syndrome. 


(Stanbury and Thomson, 19516). It seems to us that the following conclusions 
can be derived from this comparison: 


(1) Ammonia excretion by the patient was appropriate to the pH of her 
urine, being either at or above the upper limit of normal. 

(2) When due allowance is made for the fact that the patient had probably 
lost about three-quarters of her renal tissue (as inferred from the low 
filtration rate and isosthenuria), ammonia production per unit mass of 
surviving tubular tissue was almost certainly supranormal for the urine 
pH. 

(3) Ammonia production was none the less totally inadequate, in a biological 
sense, for the degree of systemic acidosis. In none of the normal subjects 
(Fig. 2) excreting ammonia at more than 60 wEq per minute was the 
acidosis so severe as in the patient, whose plasma-bicarbonate was reduced 
to 14 mEq per litre (31-5 ml. CO, per 100 ml.). 
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5. Excretion of aminoacids and glucose. The daily excretion of aminoacid 
nitrogen in the urine was consistently high in spite of the normal plasma level 
(6-7 mg. per 100 ml.), and constituted 15 per cent. of the total urine nitrogen. 
Values between 680 and 1,320 mg. per diem were obtained by the method of 
Albanese and Irby (1944); the normal for this method is 220 to 696 mg. per 
diem. The renal ‘clearance’ of aminoacid nitrogen approximated to 10 ml. per 
minute ; even allowing for the many inaccuracies involved in its calculation, 
such a figure is undoubtedly indicative of renal aminoaciduria. This conclusion 
was confirmed by the finding on chromatographic analysis of the following 
individual urinary aminoacids: phenylalanine, leucine, valine, tyrosine, histi- 
dine, citrulline, arginine, lysine, glutamine, alanine, threonine, glycine, serine, 
glutamic acid, and cystine. Dr. C. E. Dent, who kindly examined the urine for 
us, confirmed these findings, and also reported the presence of aminobutyric 
acid and proline. Glycine, alanine, glutamine, valine, and leucine were present 
in considerable quantity. Glycosuria was likewise constantly present (7-4 to 
17-2 gm. per diem), and no other sugars were found on chromatographic analy- 
sis. There was a definite correlation between the daily excretion rates of glucose 
and aminoacid nitrogen (r = + 0-95; P < 0-001). The regression line 

aminoacid nitrogen (gm. per diem) = 0-055 glucose (gm. per diem) + 0-27 
had a coefficient of regression almost identical with that previously published 
by Stowers and Dent (1947). It is interesting to note that when the rates of 
glucose and amino-nitrogen excretion were measured at three-hourly intervals 
during the course of a single day, this correlation was much less definite (r = 
+0-67 ; P>0-1). Diurnal change in the plasma level of glucose and in the amount 
filtered at the glomeruli resulted in a considerable variation in the glycosuria. It 
is probable that the total amount of glucose in the glomerular filtrate of a 24- 
hour period does not vary much from day to day ; it would appear that a close 
correlation between the excretion of glucose and amino-nitrogen is only ob- 
tained when the amount of glucose available for tubular reabsorption is almost 
constant. It is still conceivable, if they share some common absorptive mechan- 
ism, that an increased excretion of glucose might be provoked by the oral or 
parenteral administration of aminoacids. It is not possible to do this in the 
present case, but it would be an interesting observation to make in future cases. 
We did, however, produce an alimentary glycinuria in normal subjects by the 
administration of 50 gm. of glycine. This procedure invariably increased the 
rate of excretion of reducing substances, and there was an extraordinary linear 
regression between the excretion of ‘reducing substances’ and the increased 
aminoaciduria. This result, however, proved completely irrelevant to our 
original purpose ; there was no significant increase in the excretion of ferment- 
able reducing substance, a considerable part of ‘reducing substance’ proving to 
be uric acid. This particular effect of aminoacid ingestion has long been known, 
and Wrigley (1950) has recently suggested that it might be used in the treatment 
of gout. 

6. Excretion of other organic acids. The urine invariably gave a positive 
Rothera test for acetone and acetoacetic acid, but the less delicate Gerhardt test 
was negative ; the odour of acetone was never apparent in the patient’s breath. 
Serum levels of both acetoacetic and B-hydroxybutyric acids were found to be 
normal; urinary excretion of the former was abnormally high, but that of B- 
hydroxybutyric acid was normal. This was in agreement with the qualitative 
findings, since only acetoacetic acid and acetone give the Rothera reaction. In 
Table V the serum concentration, urinary excretion, and clearance of these 
organic acids in the patient are compared with values obtained from three nor- 
mal adult subjects. A normal rate of excretion of total ketone bodies of from 
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0-011 to 0-018 mg. per minute is in close agreement with average values obtained 
by previous workers (Hubbard, 1921, 0-0125 mg. per minute; Behre, 1931, 
0-014 mg. per minute; Deuel and Gulick, 1932, 0-016 mg. per minute). It has 
also been previously reported that acetoacetic and B-hydroxybutyric acids 
behave differently with regard to renal excretion (Friedmann, 1942; Martin and 
Wick, 1943). Ketonuria is not uncommon in cases of the Fanconi syndrome, but 
the reason for this is not clear. Of the 39 cases reviewed by McCune, Mason, and 


TABLE V 
Excretion of Ketone Bodies at Normal Serum Levels 


Serum level Urinary excretion Clearance 
Subject (mg./100 ml.) (mg./min.) (ml./min.) 
(a) Acetoacetic acid 
M.D.M. 


Normal subject 0-40 0-0050 1-25 
G.V.P. 

Normal subject 0-47 0-0033 0-70 
A.E.T. 

Normal subject 0-65 0-0017 0-30 
M.Y 


Fanconi syndrome 0-50 0-0150 3-00 


(b) B-hydroxybutric acid 
M.D.M. 
Normal subject 0-24 0-0092 3-8 
G.V.P. 
Normal subject 1-07 0:0150 1-4 
A.E.T. 
Normal subject 0-40 0-0093 2-3 
M.Y 


Fanconi syndrome 0-95 0-0160 1-7 
N.B. All the above results are expressed numerically as an equivalent weight of acetone. 


Clarke (1943), 16 are recorded as giving a positive reaction for acetone bodies in 
the urine, but blood ketones were measured in only one of them. In this, the 
case of Gittleman and Pincus (1940), total blood ketones were undoubtedly in- 
creased, values of 9-0 and 11-3 mg. per 100 ml. being found on two occasions. 
In general, increased ketonaemia would be more likely the greater the loss of 
glucose in the urine, for this could lead to depletion of hepatic glycogen and to the 
utilization of fat for energy requirements. In the present case, however, glyco- 
suria was relatively slight, the fasting blood-sugar was normal, and acetone could 
not be detected in the breath. This suggested that the ketonuria was. not of 
metabolic origin but due to a reduced renal threshold, a possibility confirmed 
by the finding of a normal concentration of blood ketones. The possibility that 
ketonuria may occasionally be of renal, rather than of metabolic, origin has not 
been appreciated up to the present ; the opposite condition in which, as a result 
of renal failure, there may be ketonaemia without ketonuria has been recorded 
by Coburn (1930) and Peters (1946). 

Excretion of lactic acid was within normal limits, plasma-lactate being 19 mg. 
per 100 ml. (normal for the method being 5 to 20 mg. per 100 ml.), and urinary 
excretion 0-078 mg. per minute, with a clearance value of 0-41 ml. per minute. 
This normal excretion of lactic acid is in contrast to the case of the Fanconi 
syndrome described by McCune, Mason, and Clarke (1943) in which the urinary 
elimination of lactic acid amounted to 0-425 mg. per minute in a child of about 
one-fifth the body weight of the present patient. Serum and urinary citric acid 
were not investigated before treatment was begun, and since treatment involved 
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the ingestion of about 28 gm. of citrate ion daily it was not surprising that the 
concentration of citrate was found to be abnormally high. Serum-citrate was 
6-0 mg. per 100 ml. (normal 2-0 to 4-0 mg. per 100 ml.), and urinary excretion 
1-55 mg. per minute, giving a clearance value of 26 ml. per minute. Similar 
high values were obtained both in a normal subject and in the case of hyper- 
chloraemic acidosis with an identical citrate intake. 

In summary, only aminoacids and acetoacetic acid were excreted in abnor- 
mally high amounts; elimination of B-hydroxybutyric, lactic, and citric acids 
appeared to be normal. It is, however, clear from the literature that excretion of 
organic acids in the Fanconi syndrome varies from case to case ; no claim is made 
that this particular excretory pattern is in any way specific of the condition. 


Case 2. Hyperchloraemic Renal Acidosis 


The patient was a girl aged 18 years when her condition was first correctly 
diagnosed as renal hyperchloraemic acidosis with nephrocalcinosis. She was 
perfectly well until the age of nine years, when she awakened in the morning 
unable to move her arms and legs. Movements of the head and face, swallowing, 
and control of the sphincters were not affected. The attack lasted for two days 
before spontaneous recovery took place. She continued to have many similar 
attacks, which increased in frequency until they occurred about every two 
weeks at the age of 14 years. At this time she was first admitted to hospital, and 
a diagnosis of familial periodic paralysis was made despite the absence of any 
family history of the condition. At the time of this admission she was recover- 
ing from an attack of paralysis, and the serum-potassium was found to be 
normal. On treatment with potassium chloride, 3 gm. daily, the attacks became 
very infrequent, but immediately returned to their previous frequency if 
therapy was withheld. At the same time she began to complain of aching pains 
in the chest, lumbar region of the back, and upper thighs, for which no obvious 
cause was discovered. After a minor accident at the age of 18 years, in which 
she had a contusion of the right hip, X-rays revealed a pseudo-fracture of the 
femoral neck. Radiological examination of the rest of the skeleton showed 
multiple pseudo-fractures of the lower ribs, and areas of punctate calcification in 
both kidneys (Plate 3, Fig. 3). The only abnormal physical signs were some 
areas of tenderness of the shoulders and upper femora, and an inconstant albu- 
minuria, which was always minimal in amount. The urine was neutral to litmus. 
The blood-urea was 28 mg. per 100 ml., and urea clearance 87 per cent. of nor- 
mal; the serum-calcium was 10-0 mg. per 100 ml., serum inorganic phosphorus 
2-4 mg. per 100 ml., serum alkaline phosphatase 37 King-Armstrong units per 
100 ml., serum-sodium 144 mEq per litre (330 mg. per 100 ml.), serum-chloride 
108 mEq per litre, and serum-bicarbonate 16-9 mEq per litre (38 ml. CO, per 
100 ml.). The serum-albumin was 5-2 gm. and the serum-globulin 2-5 gm. per 
100 ml. 

She was treated with the alkalinizing citrate régime, calciferol, and calcium 
lactate, as described in Case 1. Within three weeks bone pain secondary to the 
osteomalacia had disappeared, and all the pseudo-fractures were healing. The 
patient has remained perfectly well since, and has been free from bone pain and 
attacks of periodic paralysis. After nine months’ treatment the dosage of cal- 
ciferol had to be reduced from 150,000 to 50,000 units daily, because the serum- 
calcium had risen to 11-3 mg. per 100 ml. The present biochemical status is 
satisfactory: serum-calcium 10-3 mg. per 100 ml., serum-phosphorus 3-8 mg. 
per 100 ml., serum alkaline phosphatase 10 King-Armstrong units per 100 ml. ; 
blood-urea 28 mg. per 100 ml., serum-sodium 146 mEq per litre, potassium 
4-73 mEq per litre, chloride 106 mEq per litre, and bicarbonate 28-8 mEq per 
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litre (64-7 ml. CO, per 100 ml.). Amino-nitrogen excretion is within normal 
limits, and no abnormal aminoacids were found on paper chromatography. 
Radiological examination of the skeleton is now perfectly normal, but the areas 
of calcification in the kidneys remain unchanged. 


Discussion 
In these two representative cases the points of clinical similarity are obvious ; 
each presented with osteomalacia and showed the characteristic biochemical 
changes of this osteodystrophy ; each had a severe degree of systemic acidosis ; 


TABLE VI 


Channels of Cation Loss in the Fanconi Syndrome 


Base bound to As actually excreted As would be excreted 
per diem at pH 7-0 per diem at pH 4-60 
Amino-nitrogen approx. 94 mM Ae 
Bicarbonate 19 mEq nil 
Phosphate 29 mEq 18 
Keto-acid < 1mEq ac 


and in both potassium depletion was gross enough to result in episodes of perio- 
dic paralysis. The further finding of hyperchloraemia and defective bicarbonate 
reabsorption in the Fanconi syndrome points to their sharing also a common 
defect of renal tubular function. Unfortunately it was not possible to carry out 
detailed investigations in the second case, as the patient was not co-operative. 
In the Fanconi syndrome, however, it was possible to show that several distur- 


bances of tubular function combined to produce a continued loss of fixed base. 
Although the most obvious channel of such loss was in company with amino- 
acids, it is probable that defective bicarbonate absorption entailed an equal or 
even greater cation wastage. Table VI gives details of the loss of base occurring 
in the course of a day in Case 1 at a time when the plasma-bicarbonate was 
14:5 mM per litre (32-3 ml. CO, per 100 ml.). Under such conditions of systemic 
acidosis a normal subject would produce urine with a pH as low as 4-60, con- 
taining no bicarbonate and with virtually all its phosphate in the acid form. It 
can be seen that the alkaliuria entailed a daily loss of 30 mEq of cation bound 
to bicarbonate and phosphate. The alkalinity of the urine, in all probability, 
also curtails the base-conserving effect of ammonia secretion, which is normally 
determined principally by the urine pH itself (Wolf, 1947; Ferguson, 1951; 
Stanbury and Thomson, 1951b). High ammonia coefficients have been recorded 
in most described cases of the Fanconi syndrome (McCune, Mason, and Clarke, 
1943) and it has already been suggested that ammonia formation in the present 
case is relatively high for the amount of surviving renal tissue and the urine pH ; 
but since the need to absorb bicarbonate in the distal tubule tends to inhibit the 
simultaneous secretion of ammonia (Pitts and Lotspeich, 1946), it is probable 
that even in the present case ammonia excretion would increase if the urine could 
be acidified. In hyperchloraemic acidosis, ammonia secretion increased at once 
with the fall in pH when the defective bicarbonate reabsorption was remedied 
by infusion of phosphate (Latner and Burnard, 1950). It has hitherto been 
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customary to consider the high ammonia coefficient of the Fanconi syndrome 
as an appropriate response to the presence of systemic acidosis, and the low 
ammonia excretion of hyperchloraemic acidosis as due to an intrinsic abnor- 
mality of the renal ammonia-secreting mechanisms. The latter hypothesis is 
destroyed by the observations of Latner and Burnard; and the finding, as in 
the present case of the Fanconi syndrome, of a high ammonia coefficient in 
association with an alkaline urine is difficult to reconcile with what is known of 
the physiology of ammonia excretion. Ferguson (1951) found in acidotic rats 
that poisoning with a sulphonamide derivative resulted in the excretion of a less 
acid urine, and ammonia excretion was reduced in proportion to the increase of 
urine pH; that is, ammonia excretion was determined by the urine pH rather 
than by the degree of systemic acidosis. There is, however, one further physio- 
logical observation which might conceivably account for the anomalous high 
ammonia production in the alkaline urine of the Fanconi syndrome. Lotspeich 
and Pitts (1947) infused aminoacids into dogs rendered acidotic by prior admini- 
stration of ammonium chloride and found, with glycine, alanine, and certain 
other aminoacids, that ammonia excretion increased in a curvilinear manner 
with the plasma level of amino-nitrogen. In these experiments the amino- 
acidaemia resulted in a marked aminoaciduria and, as water absorption occurred, 
the concentration of amino-nitrogen within the lumen of the distal tubule must 
have been much higher than its concentration in the peritubular capillaries. 
Since ammonia formation occurs in the distal tubule, it may be that the luminar 
concentration is the important factor in providing a substrate rich in amino- 
nitrogen for the responsible enzymes. In this respect it is interesting that, from 
the one experimental protocol published by Lotspeich and Pitts (1947), we 
were able to demonstrate a perfect linear relationship between ammonia excre- 
tion and the logarithm of amino-nitrogen excretion. It seems to us that in the 
Fanconi syndrome renal aminoaciduria may provide a clinical counterpart to 
these experiments, and may result in the exposure of ammonia-secreting cells 
in the distal tubule to a medium rich in ammonia precursors. We had no 
opportunity to put this hypothesis to experimental test in the present case, but 
it might well be done in others ; it would be of interest to know whether patients 
with the Fanconi syndrome without systemic acidosis produce urine with a 
high ammonia coefficient. 

The constant loss of base accounts adequately for the principal clinical features 
of each syndrome. It is doubtful whether aminoaciduria in the Fanconi syn- 
drome has any detrimental effects apart from its contribution to base depletion. 
Dent (1947) was impressed by the occurrence in his cases of a disproportionately 
great excretion of hydroxy-aminoacids, and felt that this might be of signifi- 
cance for the production of bone changes. He was, however, unable to produce 
evidence in support of this suggestion. Systemic acidosis, dehydration, and, in 
infants, its attendant pyrexial attack are obvious results of cation loss. Polyuria 
may arise in several ways: it may result from loss of nephrons, as in the isosthen- 
uria of the present Case 1; it could conceivably be an osmotic diuresis result- 
ing from an increased electrolyte excretion; or, in hyperchloraemic acidosis, 
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calcium deposition in the distal tubule could interfere with water absorption. 
Undoubtedly disturbance of water absorption occurs in certain cases: Kelsey, 
Reinhart, and Fishel (1950) have described an infant with renal acidosis and 
‘renal diabetes insipidus’, in whom polyuria with a persistently hypotonic urine 
was unaffected by the administration of pitressin tannate. In several adult 
cases of hyperchloraemic acidosis continued loss of potassium has led to the 
typical clinical features of hypokalaemia (Brown, Currens, and Marchand, 1944; 
Albright and Reifenstein, 1948). Latner and Burnard (1950) reported a value 
of 2-6 mEq per litre (10-1 mg. per 100 ml.) in a child (Case 1, aged three years) 
and we have seen the plasma-potassium reduced to 3-5 mKq per litre (13-6 mg. 
per 100 ml.) in an infant of eight months. The authors are unaware of any 
previously recognized case of clinical hypokalaemia in the Fanconi syndrome, 
but the patient of Stowers and Dent (1947) experienced ‘collapsing incidents in 
which his legs seemed to give way under him’. It is conceivable that these were 
attacks of hypokalaemic paresis. Serum-potassium is rarely recorded in re- 
ported cases of the Fanconi syndrome, but suggestive clinical evidence of low 
values is to be found in the response to glucose-tolerance tests in certain juvenile 
cases. Debre, Marie, Cleret, and Messimy (1934) reported the death in coma of 
a child aged 12 years following a double dose (50 gm.) glucose-tolerance test ; a 
previous test with 25 gm. had apparently produced no reaction. Fanconi (1936) 
recorded considerable discomfort and vomiting during glucose-tolerance tests in 
his Case 3, aged 18 months, and his Case 2, a child aged 15 months, became 
seriously ill on both occasions when the test was done, and died within a week 
of the last test. Both the clinical and the biochemical accounts of these episodes 
are incomplete, but it seems to us likely that they resulted from acute depression 
of an already low serum-potassium level. It is well known that a fall in the 
plasma level of phosphate and potassium occurs as glycogen is deposited after 
glucose ingestion or administration of insulin. Aitken, Allott, Castleden, and 
Walker (1937-8) and Allott and McArdle (1937-8) induced paralytic attacks, 
associated with reduction of plasma-potassium, by the oral administration of 
glucose to patients with familial periodic paralysis. Both our present patients 
developed attacks of periodic paralysis, and it is evident that renal acidosis must 
be borne in mind as a possible cause for non-familial cases of this kind. It is 
also clear that treatment with insulin of the mild diabetes which often occurs in 
the Fanconi syndrome (McCune, Mason, and Clarke, 1943) carries a considerable 
risk of induced hypokalaemia, as does the intravenous, or double oral dose, 
glucose-tolerance test. It is doubtful whether this diabetes ever merits treat- 
ment with insulin. The Fanconi syndrome presents a twofold pitfall for the 
therapeutically unwary, for not only may renal glycosuria be misinterpreted as 
diabetic, but ketonuria without accompanying ketonaemia endorses the false 
diagnosis. 

The cause of the reduced glucose tolerance in the Fanconi syndrome is ob- 
scure, but it cannot be attributed simply to the glycosuria, for the loss of sugar 
thus entailed is rarely more than 10-20 gm. per day. It could conceivably 
result from a gross depletion of body potassium. Gardner, Talbot, Cook, 
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Berman, and Uribe (1950) studied rats on a potassium-free diet, and found 
that after 90 days the glucose tolerance was often reduced. It is perhaps signifi- 
cant that there was no glycosuria in the fasting state, and hyperglycaemia 
occurred only after oral administration of glucose ; the latter statement is true of 
several reported cases of the Fanconi syndrome: for example, our present case 
and Fanconi’s (1936) Case 3. Buchanan, Hastings, and Nesbett (1949 a, b) 
showed that glycogen synthesis from glucose or pyruvate by liver slices was 
optimal only when the potassium concentration in the suspending medium 
approximated to that of intracellular fluid. Krebs, Eggleston, and Terner 
(1951), having found that the liver slice rapidly loses potassium to the medium, 
believed that this loss is responsible for the defective glycogen synthesis in 
media whose potassium concentration is as low as that of extracellular fluid. It 
is abundantly clear from the present cases that gross potassium depletion can 
arise in renal tubular acidosis, and this in turn could prevent normal glycogen 
deposition. Fanconi (1936) found by metabolic studies of his Case 3, when aged 
two years and seven months, that she was in negative potassium balance, 
although in approximate sodium and chloride equilibrium. The negative potas- 
sium balance amounted to 38 per cent. of the intake, and was accounted for 
almost entirely in the urine. There was thus a net daily loss of about 4 mEq of 
potassium, which is probably equivalent to 30-50 mEq per diem in an adult. 
In the same patient, one year previously, the electrocardiogram was reported as 
‘normal except for the conspicuously wide, indented (eingedellter) T waves in 
leads I and II, and the inverted TIII’. This abnormality, which was tentatively 
attributed to toxic effects of ‘vigantol’ on the myocardium, is compatible with 
a diagnosis of hypokalaemia. 

It is generally agreed that osteomalacia results from a relative unsaturation of 
body fluids with respect to calcium and phosphate ; but the renal mechanisms 
responsible for this chemical abnormality are not so clearly defined. Stowers and 
Dent (1947) joined McCune, Mason, and Clarke (1943) in the belief that in 
hyperchloraemic acidosis the skeletal lesions result from a primary loss of basic 
calcium in the urine, whereas in the Fanconi syndrome the primary factor is 
renal phosphaturia. Our own observations render this clear-cut differentiation 
unjustifiable; in the present case of Fanconi’s syndrome there is the same 
defective bicarbonate absorption as in cases of hyperchloraemic acidosis, and 
this is of the utmost importance in producing base-loss. It is therefore possible 
that osteomalacia results from cation wastage, as do the dehydration, acidosis, 
and hypokalaemia. Admittedly we have demonstrated, and indeed emphasized, 
the occurrence of renal phosphaturia in the present case, but there are reasons 
for believing that it is not primarily renal. If it is considered that phosphaturia, 
like the aminoaciduria and glycosuria, arises in a defect of tubular transfer 
mechanisms, it is difficult to understand why the phosphate clearance should 
fall on treatment with vitamin D. This effect is entirely comparable with the 
action of vitamin D in cases of osteomalacia from steatorrhoea, or in vitamin-D 
resistant rickets (McCance, 1947), and must indicate an intact tubular transport 
mechanism for phosphate. There is some evidence that renal phosphaturia may 
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develop in association with osteomalacia resulting from dietary deficiency or 
steatorrhoea, and in such cases any primary renal abnormality can reasonably be 
excluded. In Table VII are presented data from several sources to support this 
contention. In all these cases the phosphate clearance was abnormally high for 
the existing level of plasma-phosphate ; and in each the clearance was depressed 
by vitamin D therapy, as it was in the present case of the Fanconi syndrome. 


TABLE VII 


Increased Phosphate Clearance in Cases of Osteomalacia Not Due to 
Renal Disease 
Calciferol or Serum- Urinary Phosphate 
Cause of vitamin D phosphorus phosphorus clearance 
Author osteomalacia therapy (mg./100 ml.) (mg.]/min.) (ml./min.) 


Miles and Feng (1925) Dietary deficiency (1) Before therapy . b 47-0 
(China) After therapy 46-0 
(2) Before therapy 
After therapy 
a (3) Before therapy 
After therapy 
rr (4) Before therapy 
After therapy 
Bauer and Marble (1932) Steatorrhoea Before therapy 
After therapy 
Liu, Hannon, Chu, Chen, Dietary deficiency Before therapy 
Chou, and Wang (1935) (China) After therapy * D 
Milne (1951) Steatorrhoea Before therapy y 0-31 


In normal individuals the phosphate clearance is zero at plasma-phosphate levels below 2-2 mg./ 
100 ml. (See Fig. 1.) 


Abnormally high phosphate clearances appear to be related to the presence of 
osteomalacia or, alternatively, to the state of calcium-phosphate unsaturation, 
and are probably mediated through some extrarenal influence, the two most 
likely factors being a secondary hyperparathyroidism and systemic acidosis. 
Evidence for the former is the parathyroid hyperplasia which was first observed 
in cases of osteomalacia by Erdheim (1907), and has been described by many 
morbid anatomists since. Considerable increase of urinary phosphate clearance 
as a result of experimental acidosis was described by Haldane, Wigglesworth, 
and Woodrow (1924) and by Albright, Bauer, Ropes, and Aub (1929). In the 
case of hyperchloraemic acidosis recorded by Baines, Barclay, and Cooke (1945), 
the plasma-phosphate level increased with alkalinizing therapy alone, no vita- 
min D being given. In summary, we feel that there is insufficient evidence to 
consider phosphaturia in the Fanconi syndrome as primarily renal. 

We have hitherto stressed the features of similarity in cases of the Fanconi 
syndrome and hyperchloraemic acidosis ; and our Case 1, by having combined 
features of both the classical forms, suggests that any hard and fast distinction 
between the two is no longer valid. There remain, however, two features that 
are not shared. The first of these, the relatively high ammonia excretion in the 
Fanconi syndrome, we have suggested may result from the aminoaciduria: the 
second concerns the occurrence of nephrocalcinosis. Although this is common in 
cases of hyperchloraemic acidosis, we can find no record of its occurrence in the 
Fanconi syndrome. Yet in the present case the consistently alkaline urine 
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appears to provide precisely the same conditions that favour calcium phosphate 
deposition in the distal tubules in cases of ‘hyperchloraemic acidosis’. It seemed 
to us possible that the organic-aciduria might, by forming calcium ion com- 
plexes, prevent its precipitation as phosphate. A study was therefore made of 
the calcium-complexing capacity of the patients’ urine. A direct comparison 
was made between the urines from both patients and from a normal adult 
taking a similar amount of the citrate alkalinizing treatment. The amount of 
complexed non-ionized calcium was estimated by the proportion remaining in 
solution after absorption of calcium ions by excess of ion-exchange resin 
(Amberlite IR 100) previously treated for maximal calcium absorption by the 
method of Stefanini (1948). The amount of complexed calcium was found to be 
as follows: 

Normal subject 0-8 mg./100 ml. 

Hyperchloraemic tubular acidosis 0-5 mg./100 ml. 

Fanconi syndrome 1-7 mg./100 ml. 


Since all the urines contained a comparable concentration of citrate (0-9 to 
1-0 mg. per ml.) it was thought possible that the increased complexing power in 
the urine of the Fanconi syndrome was due to the large concentration of other 
organic acids present. Although citric acid is probably by far the most important 
organic acid in body fluids in complexing calcium and increasing the solubility 
of calcium phosphate (Schubert and Lindenbaum, 1950), there is little doubt 
that other organic acids have a similar action when present in sufficient con- 
centration. The increased concentration of citrate in the blood and urine result- 
ing from treatment may be of importance in preventing or diminishing renal 
calcification in cases of hyperchloraemic tubular acidosis. 

Prognosis and control of therapy. The eventual prognosis in the case of the 
Fanconi syndrome is considered to be poor, and it is felt that the renal insuffi- 
ciency will slowly progress until death takes place from uraemia. This cause of 
death was not prominent in the juvenile cases reviewed by McCune, Mason, and 
Clarke (1943) ; children are, however, liable to suffer more severely from systemic 
acidosis and dehydration due to continued loss of fixed base. In addition, the 
deposition of cystine in vital organs appears to be a serious complication of 
this condition only in children, cystinosis not having been described in adult 
patients. The prognosis in Case 2 is more problematic, but is undoubtedly much 
more favourable. In infants this condition may clear completely after a pro- 
longed course of treatment with an alkalinizing régime (Hartmann, 1939; 
Stapleton, 1949; Kelsey, Reinhart, and Fishel, 1950), but this desirable result is 
less likely in adults when there is nephrocalcinosis. It is possible that improve- 
ment would result if the abnormal calcification could be completely reabsorbed ; 
considerable reduction of the nephrocalcinosis was recorded in cases described 
by Albright, Burnett, Parson, Reifenstein, and Roos (1946), but no apparent 
improvement in this respect has taken place in the present case after 15 months’ 
therapy. A slow progression over many years to total renal failure and death 
from uraemia is considered to be by no means unlikely. Therapy in both cases 
must undoubtedly be controlled with great care. It is thought desirable that 
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estimations of serum calcium, phosphate, potassium, and bicarbonate should be 
made at about three-monthly intervals. The Fanconi syndrome was the more 
difficult case to control, owing to the more severe renal disease and correspond- 
ing lack of adaptability of renal function. The initial dosage both of alkali and 
of calciferol proved to be too large, as shown by the development of abnormally 
high serum-bicarbonate and calcium respectively. In contrast, biochemical 
control of Case 2 has been completely satisfactory, and it is probable that greater 
latitude in the amount of alkali and calciferol would be possible in the manage- 
ment of this case. We would insist that particular care should be taken to 
avoid calciferol intoxication with hypercalcaemia, as this would undoubtedly 
precipitate severe renal failure. Control by means of the semi-quantitative 
urinary test for calcium described by Barney and Sulkowitch (1937) may be 
potentially dangerous in these cases, since with renal insufficiency there can 
be no certainty that a variation in concentration of serum-calcium would be 
reflected by a change in urinary calcium. 
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Appendix 
Chemical Methods 
Acetoacetic and B-hydroxybutyric acids Behre (1931, 1940) 
Aminoacid chromatography Dent (1947) 
Amino-nitrogen, plasma Danielson (1933) 
Amino-nitrogen, urine Albanese and Irby (1944) 
Ammonia Aeration titration 
Bicarbonate, plasma and urine Van Slyke manometric 
Chloride, plasma Modified Sendroy (Hawk, Oser, and 

Summerson, 1947) 

Chloride, urine Modified Volhard 
Citric acid Hunter and Leloir (1945) 
Creatinine Bonsnes and Taussky (1945) 
Tnulin Modified Bacon and Bell (1948) 
Lactic acid Friedmann and Graeser (1933) 
pH, plasma and urine Glass electrode 
Phosphate, plasma and urine Fiske and Subbarow (1925) 
Sodium and potassium Flame photometer 
Urea, plasma and urine Lee and Widdowson (1937) 
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Summary 


Two adult cases of renal tubular insufficiency are described and compared. 
One was a typical case of hyperchloraemic renal acidosis ; the other was a case 
of the Fanconi syndrome with hyperchloraemic acidosis. 

Each presented with osteomalacia and multiple pseudo-fractures, and in both 
cases continued loss of potassium in the urine resulted in a low serum-potassium, 
and paralytic attacks similar to those of familial periodic paralysis. 

In both cases the plasma chloride concentration was increased, and the alkali 
reserve low ; but, inspite of a severe degree of systemic acidosis, the urine reaction 
was invariably neutral or only faintly acid. 

The patient with hyperchloraemic acidosis showed no evidence of an associ- 
ated glomerular insufficiency, while the patient with the Fanconi syndrome had 
reduced renal clearances of inulin, creatinine, and urea. Both showed subjective 
and objective improvement in the osteomalacia on identical treatment with 
calciferol and sodium and potassium citrate. The more severe renal defect in the 
latter patient, however, led to greater difficulty in control: hypercalcaemia, 
alkalosis, and oedema each developed in the course of treatment. The control 
of therapy and the prognosis in each case are discussed. 

The excretion of electrolytes and reasons for excessive loss of fixed base in the 
Fanconi syndrome are described in detail, and the causation of osteomalacia is 
discussed. In both cases there was defective absorption of bicarbonate in the 
renal tubule. The Fanconi syndrome showed additional defects in the reabsorp- 
tion of glucose, aminoacids, and acetoacetic acid. Reasons are given for the 
belief that abnormally high phosphate excretion in these cases is not due to a 
specific tubular reabsorptive defect, but is secondary to some extrarenal in- 
fluence. A combination of secondary hyperparathyroidism and of systemic 
acidosis is suggested as the possible causative factor. 

It is suggested that the high urinary ammonia coefficient in the Fanconi 
syndrome, and the absence of complicating nephrocalcinosis in such cases, may 
be attributable to organic-aciduria. , 


REFERENCES 


Aitken, R. S., Allott, E. N., Castleden, L. I. M., and Walker, M. (1937-8) Clin. Sci. 3, 47. 

Albanese, A. A., and Irby, V. (1944) J. Biol. Chem. 153, 583. 

Albright, F. (1936) Trans. Ass. Amer. Phys. 51, 199. 

— Bauer, W., Ropes, M., and Aub, J. C. (1929) J. Clin. Invest. 7, 139. 

— Burnett, C. H., Parson, W., Reifenstein, E. C., and Roos, A. (1946) Medicine, 25, 399. 

Consolazio, W. V., Coombs, F. S., Sulkowitch, H. W., and Talbott, J. H. (1940) Bull. 
Johns Hopkins Hosp. 66, 7. 

—— and Reifenstein, E. C. (1948) The Parathyroid Glands and Metabolic Bone Disease, 
London. 

Allott, E. N., and McArdle, B. (1937-8) Clin. Sci. 3, 229. 

Bacon, J. S. D., and Bell, D. J. (1948) Biochem. J. 42, 397. 

Baines, G. H., Barclay, J. A., and Cooke, W. T. (1945) Quart. J. Med. n.s. 14, 113. 

Barney, J. D., and Sulkowitch, H. W. (1937) J. Urol. 37, 746. 

Bauer, W., and Marble, A. (1932) J. Clin. Invest. 11, 21. 


OBSERVATIONS ON THE FANCONI SYNDROME, ETC. 81 


Behre, J. A. (1931) J. Biol. Chem. 92, 679. 

(1940) Ibid. 136, 25. 

Berner, A. (1944) Helvet. med. acta, 11, 741, 961. 

Bonsnes, R. W., and Taussky, H. H. (1945) J. Biol. Chem. 158, 581. 

Brown, M. R., Currens, J. H., and Marchand, J. F. (1944) J. Amer. Med. Ass. 124, 545. 

Buchanan, J. M., Hastings, A. B., and Nesbett, F. B. (1949a) J. Biol. Chem. 180, 435. 

—— (1949b) Ibid. 180, 447. 

Caussade, L., Verain, M., and Neimann, N. (1940) Arch. de méd. des enf. 43, 65. 

Coburn, A. F. (1930) Amer. J. Med. Sci. 180, 178. 

Danielson, I. S. (1933) J. Biol. Chem. 101, 505. 

Debre, R., Marie, J., Cleret, F., and Messimy, R. (1934) Arch. de méd. des enf. 37, 597. 

Dent, C. E. (1947) Biochem. J. 41, 240. 

Deuel, H. J., and Gulick, M. (1932) J. Biol. Chem. 96, 25. 

Erdheim, J. (1907) Sitzungsb. d. Akad. d. Wissensch. Math.-naturw. Kl. 116, 3 Abt., 311. 

Fanconi, G. (1936) Jb. f. Kinderheilk. 147, 299. 

Ferguson, E. B. (1951) J. Physiol. 112, 420. 

Fiske, C. H., and Subbarow, Y. (1925) J. Biol. Chem. 66, 375. 

Follis, R. H. (1950) Bull. Johns Hopkins Hosp. 87, 593. 

and Jackson, D. A. (1943) Ibid. 72, 232. 

Friedmann, T. E. (1942) J. Biol. Chem. 142, 635. 

and Graeser, J. B. (1933) Jbéd. 100, 291. 

Gamble, J. L. (1947) Chemical Anatomy, Physiology and Pathology of Extracellular Fluid, 
Chart 19 c, Cambridge, Mass. 

Gardner, L. I., Talbot, N. B., Cook, C. D., Berman, H., and Uribe, C. (1950) J. Lab. Clin. 
Med. 35, 592. 

Gittleman, I. F., and Pincus, J. B. (1940) Amer. J. Dis. Child. 60, 1351. 

Haldane, J. B. S., Wigglesworth, V. B., and Woodrow, C. E. (1924) Proc. Roy. Soc. Series B, 
96, 1. 

Hartmann, A. F. (1939) Ann. Int. Med. 13, 940. 

Hawk, P. B., Oser, B. L., and Summerson, W. H. (1947) Practical Physiological Chemistry, 
12th ed. London. 

Hubbard, R. 8S. (1921) J. Biol. Chem. 49, 357. 

Hunter, F. E., and Leloir, L. F. (1945) Ibid. 159, 295. 

Kelsey, W. M., Reinhart, J. B., and Fishel, J. (1950) Pediatrics, 5, 689. 

Komrower, G., Morris, B. M., Stanbury, S. W., and Thomson, A. E. (1951) Unpublished 
studies. 

Krebs, H. A., Eggleston, L. V., and Terner, C. (1951) Biochem. J. 48, 530. 

Lambert, P. P., van Kessel, E., and Leplat, C. (1947) Acta med. scand. 128, 386. 

Latner, A. L., and Burnard, E. D. (1950) Quart. J. Med. n.s. 19, 285. 

Lee, M. H., and Widdowson, E. M. (1937) Biochem. J. 31, 2035. 

Liu, S. H., Hannon, R. R., Chu, H. I., Chen, K. C., Chou, S. K., and Wang, S. H. (1935) 
Chin. Med. J. 49, 1. 

Lotspeich, W. D., and Pitts, R. F. (1947) J. Biol. Chem. 168, 611. 

McCance, R. A. (1947) Quart. J. Med. n.s. 16, 33. 

McCune, D. J., Mason, H. H., and Clarke, H. T. (1943) Amer. J. Dis. Child. 65, 81. 

Maclagan, N. F. (1940) Quart. J. Med. n.s. 9, 151. 

Martin, H. E., and Wick, A. N. (1943) J. Clin. Invest. 22, 235. 

Miles, L. M., and Feng, C. (1925) J. Exp. Med. 41, 137. 

Mills, J. N., and Stanbury, 8. W. (1951) J. Physiol. 114, 16 P. 

Milne, M. D. (1951) M.D. Thesis, University of Manchester. 

Payne, W. W. (1948) Arch. Dis. Childh. 23, 145. 

Peters, J. P. (1946) Unpublished studies. Recorded in Peters and van Slyke, Quantitative 
Clinical Chemistry, vol. i, 2nd ed. 

Pitts, R. F. (1948) Federation Proc. 7, 418. 

—— and Alexander, R. S. (1945) Amer. J. Physiol. 144, 239. 

—— Ayer, J. L., and Schiess, W. A. (1949) J. Clin. Invest. 28, 35. 

G 


Quarte 


82 M. D. MILNE, 8S. W. STANBURY, AND A. E. THOMSON 


Pitts, R. F., and Lotspeich, W. D. (1946) Amer. J. Physiol. 147, 138. 
Schiess, W. A., and Ayer, J. L. (1948) J. Clin. Invest. 27, 48. 
Platt, R. (1950) Clin. Sci. 9, 367. 
Sartorius, O. W., Roemmelt, J. C., and Pitts, R. F. (1949) J. Clin. Invest. 28, 423. 
Schiess, W. A., Ayer, J. L., Lotspeich, W. D., and Pitts, R. F. (1948) Ibid. 27, 57. 
Schubert, J., and Lindenbaum, A. (1950) Nature, 166, 913. 
Shay, H., Schloss, E. M., and Bell, M. A. (1931) Arch. Int. Med. 47, 391. 
Stanbury, S. W., and Thomson, A. E. (195la) Clin. Sci. 10, 267. 
— (19516). In course of preparation. 
Stapleton, T. (1949) Lancet, 1, 683. 
Stefanini, M. (1948) Proc. Soc. Exp. Biol. Med. 67, 22. 
Stowers, J. M., and Dent, C. E. (1947) Quart. J. Med. n.s., 16, 275. 
Wolf, A. V. (1947) Amer. J. Physiol. 148, 54. 
Wrigley, F. (1950) Ann. Rheum. Dis. 9, 38. 


Quarterly Journal of Medicine Vol. XXI, New Series, Pl. 3 


therapy. 


izing 


fter 15 months of alkalin 


ing a 


Nn 


cinosis In 


Fic. 3. Nephrocal 


7 
4 


616 : 539.155.2 


CERTAIN ASPECTS OF THE MEDICAL APPLICATION OF 
ISOTOPIC TRACERS? 


CRITICAL REVIEW 


By G. POPJAK 
(From The National Institute for Medical Research, Mill Hill, London, N.W. 7) 


_ Tue first tracer experiment on man was reported in 1934 by Hevesy and Hofer, 
and was carried out with the aid of the stable heavy isotope of hydrogen, 
deuterium. They found that the excretion of heavy water (D,O) rose rapidly up 
to about two hours after drinking, but slowed down afterwards to a steady rate, 
indicating that the labelled water drunk became evenly distributed throughout 
the body. They were able to calculate from this experiment that the total volume 
of water in a 69 kg. man was 43 litres, and that the average time a water mole- 
cule spent in the human body was 14 days. Since that time great advances have 
been made in nuclear physics, and the last decade has witnessed the preparation 
of both stable and radioactive isotopes of all the biologically important elements, 
and others, on a considerable scale. The idea of tracer methods did not spring 
from the discovery of isotopes ; perhaps the oldest labelling techniques were the 
introduction of halogen elements such as I or Br into unsaturated organic com- 
pounds, and the use of benzene derivatives. This type of labelling commonly 
altered the physical, chemical, and biological properties of the substances, and 
therefore the physiological nature of the studies conducted with them and the 
conclusions drawn might be questioned. The discovery and isolation of the iso- 
topes of elements brought about the realization of ideal tracer methods, with 
whichevents may bestudied in the body underessentially physiological conditions. 
The principle of the isotopic tracer techniques is that the isotopes of the same 
element, whether stable or radioactive, behave chemically alike, or very nearly 
so, not only in the test-tube but also in the living animal. If, therefore, an isoto- 
pically labelled substance is fed to an animal, the organism will treat it like its 
natural, unlabelled analogue ; but it will be possible to follow its fate and that of 
its natural analogue on account of its label, that is of its isotope content. Thus 
isotopes are admirably suited for the study of metabolic events, and the greatest 
advances have been made with them in this type of investigation. There is no 
difference in this respect between the naturally occurring rare stable isotopes and 
the radioactive isotopes. The unstable radioactive isotopes, however, by virtue 
of their emission of ionizing radiation, may also be used in suitable circumstances 
for therapeutic purposes as a source of internal radiation. Naturally there are 
advantages and disadvantages, as with most techniques, attending the use 
of either the stable or the radioactive isotopes. The extreme sensitivity of 
‘ 1 Received June 6, 1951. 
Quarterly Journal of Medicine, New Series XXI, No. 81, January 1952. 
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detection-devices employed in the assay of radioactive elements—the assay in 
the case of the Geiger-Miiller counter being ultimately the counting of atoms— 
often permits a millionfold dilution of the labelled substance in the body, the 
substance still being detectable. On the other hand, the ionizing radiations 
emitted set a limit to the dose which may be given to man without the danger of 
causing some type of radiation damage. No such risks are involved when the 
stable isotopes are used ; but the dilution in the body of asubstance labelled with 
a stable isotope usually cannot be more than a few thousandfold if an accurate 
measurement is to be made. It is a condition inherent in the assay of stable 
isotopes with the mass spectrometer that at least microgram quantities of the 
rare isotope should be present in the samples. This difference in the assay of the 
two types of isotopes implies that a radioactive tracer dose may be given to a 
patient or experimental animal in a negligible weight of material, for example in 
less than one-thousandth of a microgram; the weight of a suitable dose of a 
substance labelled with a stable isotope, on the other hand, is usually several 
milligrams for a small laboratory animal, or a gramme or more for man. As no 
health hazards attend the use of the stable isotopes, these elements should be 
eminently suitable for certain investigations in man ; but the prevailing high cost 
of these isotopes, and of the mass spectrometer necessary for their measurement, 
has so far prevented their wider use. 

The medical applications of isotopes fall naturally into the following groups: 
(1) specific tracer studies, for example the investigation of thyroid function with 
radioactive iodine ; (2) non-specific tracer studies, such as the measurement of 
blood-volume with erythrocytes labelled with radioactive phosphorus; (3) 
therapeutic uses of radioactive isotopes. The tracer studies mentioned under 
(1) and (2) might be subdivided further into (a) those directed purely towards 
the study of human metabolism in health and disease, and (b) those whose aim 
is diagnosis. The purpose of the present review is to examine the advances 
which have been made by these applications in the understanding of human 
metabolism, in diagnosis, and in therapeutic measures. New techniques often 
become fashionable, and problems are sought in order to make use of the 
method, a danger exceptionally great with such unique tools as isotopes. One 
must therefore not lose sight of the fact that isotopes are mere tools, and any 
information obtained with their help must be integrated with the body of 
knowledge acquired by other means. Although the subsequent discussion will 
be limited largely to work carried out with isotopes on man, this is not to be 
taken to indicate that a particular value is given to such work beyond the 
merits justly assigned to any new scientific knowledge. 

During this review reference will be made on several occasions to the ‘turn- 
over-rate’ or ‘turnover-time’ of a particular substance in the body. It will 
simplify the discussion if these terms are defined at the beginning. One of the 
most important contributions of isotopic tracer techniques in metabolic studies 
has been the evolution of the concept of the dynamic state of body-constituents 
(Schoenheimer, 1941). It has been shown abundantly that, although the com- 
position of the body of an animal in a state of metabolic equilibrium does not 
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change, most of the body-constituents are in a state of flux, and are continu: 
ously being degraded and regenerated. It is the balance between the rates of 
degradation and regeneration which keeps the composition of the body constant. 
The turnover-rate may be defined as the weight of a substance in a tissue re- 
generated (or degraded) in unit time, and the turnover-time as the time required 
for the regeneration of a weight equivalent to the total amount of the substance 
present in the tissue. 


Study of Iodine Metabolism in the Thyroid with Radioactive Iodine 

Iodine was discovered in the thyroid gland in 1896 by Baumann, and the 
ability of the gland to absorb iodine selectively from the blood in relatively 
large amounts was demonstrated in 1915 and 1916 by Marine and his asso- 
ciates (Marine, 1915; Marine and Feiss, 1915; Marine and Rogoff, 1916 a, b). 
Since then the importance of iodine in thyroid metabolism has been amply 
demonstrated. The purely chemical investigation of iodine and its compounds 
in the thyroid has yielded outstanding results, culminating in the isolation 
(Kendall, 1919) and chemical identification and synthesis of the active principle 
of the gland (Harington, 1926a, 6; Harington and Barger, 1927). But the purely 
chemical approach to the study of iodine metabolism has had to face natural 
obstacles set by the minute amounts of iodine and its compounds present in 
body-fluids and tissues. These difficulties might be better appreciated if it is 
recalled that Kendall, after six years of research on the active principle of the 
thyroid, isolated from three tons of fresh gland only 33 gm. of thyroxine. 
The discovery of artificial radioactive isotopes of iodine was therefore a new 
stimulus for the continued investigation of thyroid function along lines not open 
to the classical methods. The earliest investigations with radioactive iodine 
were carried out with the isotopes *°I, the half-life of which is only 25 minutes, 
and 1°[ with a half-life of 12-6 hours. At present I, with a half-life of 
eight days, is used almost exclusively ; this isotope, apart from its more con- 
venient half-life, has the advantage that it can be obtained in relatively large 
amounts (in terms of radioactivity) in the chain-reacting pile, either from the 
irradiation of tellurium or as a fission product of uranium. Both processes yield 
carrier-free that is uncontaminated by !’I, the naturally occurring 
iodine isotope, except from the small amounts of iodine present in the reagents 
used for the extraction of 11I. There are several other radioactive isotopes of 
iodine which can be made by various nuclear reactions. All of them have the 
properties of iodine, and the results of biological investigations do not reveal 
differences among those tested in animals. In further discussion, therefore, 
no distinction will be made between the iodine isotopes, and all will be designated 
by the symbol I*. 

Before considering the information obtained with radioactive iodine as to 
thyroid function in man, it will be necessary to summarize briefly some of the 
results obtained in animal experiments. For greater detail the reader is referred 
to reviews by Rawson and McArthur (1947) and by Chaikoff and Taurog (1948). 
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The selective absorption of iodine by the thyroid gland, demonstrated first by 
Marine and his associates by classical methods, has been fully confirmed (Hertz, 
Roberts, and Evans, 1938; Hertz, Roberts, Means, and Evans, 1939, 1939-40). 
It has been shown further that the thyroid made hyperplastic with thyrotrophic 
hormone has a greater avidity for iodine than the normal gland (Hertz, Roberts, 
and Evans, 1938; Hertz, Roberts, Means, and Evans, 1939-40; Hertz and 
Roberts, 1941; Leblond and Siie, 1940, 1941; Keating, Rawson, Peacock, and 
Evans, 1945). The thyroid of hypophysectomized animals collects less iodine 
than that of normal animals, but still much more than other tissues of the body 
(Leblond, Siie, and Chamorro, 1940; Leblond and Siie, 1941). It is of interest 
to note that the effect of thyrotrophic hormone on the thyroid is not only to 
increase its capacity to absorb iodine from the circulation, but also to release 
iodine into the circulation with greater speed (Keating, Rawson, Peacock, and 
Evans, 1945). In other words, the thyrotrophic hormone increases the turnover- 
rate of iodine in the thyroid. Perlman, Chaikoff, and Morton (1941), who studied 
the turnover of iodine in the thyroid and other organs of the normal rat, found a 
parallelism between the concentrations of I* in the blood and in the tissues other 
than the thyroid, suggesting a diffusion in and out of these tissues rather than a 
selective absorption. These authors also made the important observation that 
the fraction of the administered I* which appeared in the thyroid varied signi- 
ficantly according to the amount of carrier !°’I added to the tracer dose. 
When normal rats were given 0-5 mg. of labelled iodine only 2 per cent. of the 
dose was found in the thyroid, and after a dose of 0-03 mg. 7 per cent. was found 
in the thyroid. In contrast with this, after a carrier-free dose of I* (iodine of 
negligible weight) 65 per cent. of the tracer dose was present in the thyroid. 
These results of course do not mean that the weight of the iodine absorbed by 
the thyroid after administration of carrier-free I* was any greater than after a 
dose with added carrier. The amounts of carrier !”’I given to the rats in these 
experiments undoubtedly raised the concentration of total body-iodine. The 
introduction of a carrier-free dose of radioactive iodine, on the other hand, does 
not alter the total iodine content of the body, and therefore it acts as a label for 
the circulating iodine, from which it follows ‘that the distribution of the tracer 
dose reflects the movement of circulating endogenous iodine’ (Perlman, Chai- 
koff, and Morton, 1941). The influence of carrier !2°I added to a tracer dose of 
I* on the percentage of the labelled iodine appearing in the thyroid has a prac- 
tical significance in clinical tests on patients ; this point will be discussed further. 

About 85 to 90 per cent. of the iodine in the thyroid is bound in an organic 
form, and according to Harington (1933) all this organic iodine can be accounted 
for by two fractions, one thyroxine-like and the other diiodotyrosine-like. It is 
naturally of interest to inquire how inorganic iodine is incorporated into these 
fractions. Perlman, Morton, and Chaikoff (1941) showed that as early as two 
hours after feeding carrier-free radioactive iodine to rats, 1-5 to 3 per cent. of the 
dose was present as thyroxine in the thyroid, and with increasing time after the 
administration the percentage of the dose recovered as thyroxine also increased, 
reaching 10 to 16 per cent. of the dose 48 hours after feeding. But at all times 
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after the administration of the tracer iodine the thyroid contained two to three 
times as much radioiodine in the diiodotyrosine-like fraction as in the thyroxine- 
like fraction. Forty-eight hours after the administration of the radioiodine, the 
distribution of the total radioiodine present in the gland was 30-3 to 33-7 per 
cent. as thyroxine, 54-4 to 62-7 per cent. as diiodotyrosine, and 8 to 13-1 per 
cent. as inorganic iodide. Similar results were reported by Mann, Leblond, and 
Warren (1942), who also showed that the specific radioactivity of the diiodo- 
tyrosine-iodine, that is its radioactivity per unit weight of 127I, was almost 10 
times higher than that of the thyroxine-iodine in the thyroid of dogs half an hour 
after the injection of radioiodine. With increasing time after the injection the 
specific radioactivity of the thyroxine-iodine steadily increased, approaching 
very closely that of the diiodotyrosine-iodine. These workers concluded from 
this relationship that diiodotyrosine is the precursor of thyroxine. The same 
conclusion was reached later by Taurog and Chaikoff (1947). It should be 
pointed out that Harington and Barger suggested as early as 1927, on the basis 
of the chemical similarity of the two substances, that diiodotyrosine is a 
precursor of thyroxine, and that von Mutzenbecher demonstrated in 1939 the 
formation of thyroxine from diiodotyrosine after prolonged incubation of the 
latter in a slightly alkaline medium. This finding has since been confirmed 
(Harington and Pitt-Rivers, 1945; Pitt-Rivers, 1948 a, b). Recently monoiodo- 
tyrosine also has been identified by radioactive methods in thyroid hydrolysates 
(Fink and Fink, 1948 ; Taurog, Tong, and Chaikoff, 1950). Although the amount 
of this substance in the thyroid is too small to be estimated chemically (Roche, 
Michel, and Lafon, 1947), the total radioactivity in the monoiodotyrosine 
fraction was between one-third and two-thirds of that found in the diiodotyro- 
sine fraction (Fink and Fink, 1948). Since the diiodo-compound, on the other 
hand, accounts for about two-thirds of the organic iodine in the thyroid, the 
specific activity (radioactivity per unit weight of }2°I) of the monoiodotyrosine- 
iodine must have been appreciably higher than that of the diiodotyrosine-iodine. 
It therefore seems probable, from the relationship found between the specific 
activities of mono- and diiodotyrosine and of thyroxine, that the incorporation 
of inorganic iodine into thyroxine occurs by the steps inorganic iodine — mono- 
iodotyrosine — diiodotyrosine —> thyroxine. It has already been mentioned 
that thyrotrophic hormone increased the turnover of iodine in the thyroid. 
Morton, Perlman, and Chaikoff (1941) showed further that the effect of thyro- 
trophic hormone is to enhance the formation of thyroxine in the thyroid and 
its discharge into the blood. In hypophysectomized animals, in which the up- 
take of iodine by the thyroid is decreased, the small amount of iodine absorbed 
is readily incorporated into diiodotyrosine, but the formation of thyroxine is 
greatly depressed (Morton, Perlman, Anderson, and Chaikoff, 1942). 

Tracer experiments have thrown light on the nature of the iodine compounds 
circulating in the blood. The small amount of iodine present in plasma makes its 
accurate chemical determination an extremely difficult problem. By the use of 
tracer iodine, however, it has become possible to obtain a quantitative picture 
of the distribution of plasma-iodine. Morton, Perlman, Anderson, and Chaikoff 
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(1942) gave I* to rats, and subjected their plasma to a fractionation procedure 
used by these workers for the separation of the inorganic, thyroxine-like, and 
diiodotyrosine-like fractions of the thyroid. They found that one hour after the 
injection of inorganic I* 95 per cent. of the total plasma-iodine was present as 
inorganic iodide, whereas beyond the 24th hour after the injection nearly 90 per 
cent. of the plasma-iodine was protein-bound ; most of this could be accounted 
for by a thyroxine-like fraction. The diiodotyrosine-like fraction never amounted 
to more than 10 per cent. of the total plasma-iodine. It seems, however, from 
more recent investigations, in which the iodine compounds in the thyroid and in 
the plasma of animals injected with I* have been separated and identified by 
paper chromatography, that the plasma does not contain diiodotyrosine, but 
only inorganic iodide and thyroxine (Gross, Leblond, Franklin, and Quastel, 
1950 ; Taurog, Chaikoff, and Tong, 1950) and an as yet unidentified substance 
(Gross and Leblond, 1951). Thus the radioactivity assigned to a ‘diiodotyrosine- 
like’ fraction in the plasma by Morton, Perlman, Anderson, and Chaikoff (1942) 
might be attributed to an imperfection of the fractionation procedure employed. 
According to Gross and Leblond (1951) the thyroid-iodine extractable with 
butanol is distributed among inorganic iodide, mono- and diiodotyrosine, 
thyroxine, and at least two unidentified substances, one of which is the same 
as that found in plasma. Morton, Perlman, Anderson, and Chaikoff (1942) 
found that the administration of thyrotrophic hormone caused a release of 
thyroxine into the blood more rapid than that which occurred in controls. After 
hypophysectomy, not only was the formation of thyroxine in the gland hindered, 
but its release into the blood was reduced to extremely small levels: in hypophy- 
sectomized rats, even 96 hours after the injection of I*, not more than 5 per 
cent. of the total plasma-iodine was present as thyroxine. This figure may be 
contrasted with that quoted above for normal animals. 

It will be appreciated from this brief selection of the varied investigations into 
the physiology of thyroid function that tracer methods with radioactive iodine, 
apart from confirming results obtained by chemical and physiological methods, 
have provided a new and dynamic outline of iodine metabolism, which could 
not have been obtained by previous techniques. The results described may be 
restated briefly. The iodine absorbed selectively by the thyroid is rapidly con- 
verted into mono- and diiodotyrosine, the latter acting as the immediate pre- 
cursor of thyroxine. In the plasma about 80 per cent. of the iodine is present as 
thyroxine bound to protein. The action of thyrotrophic hormone is to acceler- 
ate the turnover of iodine in the thyroid and the conversion of inorganic iodide 
into thyroxine, and to enhance the discharge of the thyroid hormone into the 
blood. In the absence of the pituitary the thyroid absorbs much less iodine than 
the gland of intact animals and, while the small amount absorbed is readily con- 
verted into diiodotyrosine, the formation of thyroxine is depressed. Further, in 
the plasma of the hypophysectomized animal, in contrast with the normal 
animal, about 80 per cent. of the iodine is in the inorganic form. This picture may 
now be compared with information obtained from clinical studies in man. 
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Studies of Iodine Metabolism in Man 


The possibilities of the clinical application of I* for both diagnostic and 
therapeutic purposes were pointed out by Hertz and his associates in their 
earliest publications on the study of iodine metabolism in laboratory animals 
with I* (Hertz, Roberts, and Evans, 1938; Hertz, Roberts, Means, and Evans, 
1939-40). Investigations of thyroid metabolism with radioiodine were begun 
in 1937 at the Thyroid Clinic of the Massachusetts General Hospital in collabora- 
tion with members of the Massachusetts Institute of Technology. Similar in- 
vestigations were started soon afterwards at the University of California. In 
Great Britain such investigations could not be started until the end of 1947, 
when the Medical Research Council secured supplies of radioactive isotopes from 
the United States. Hamilton (1938) and Hamilton and Soley (1939, 1940 a, b) 
were the first to report the use of I* in human studies. They showed that I* given 
as iodide by mouth was rapidly absorbed, radioactivity being detected in the 
hand three to six minutes after drinking a solution containing the labelled 
iodine ; the absorption appeared to be complete in two to three hours. Radio- 
activity could be detected over the region of the thyroid gland 20 minutes after 
the dose was given. They observed that normal individuals excreted in their 
urine 74 to 89 per cent. of the dose during five days, whereas patients with 
myxoedema excreted 91 to 94 per cent. of the dose during the same interval. 
The excretion in faeces varied between 0-3 and 2-8 per cent. in five days both 
in euthyroid subjects and in patients with myxoedema. Patients with thyro- 
toxicosis treated previously with Lugol’s iodine excreted about the same amount 
as normal subjects. Hamilton and Soley (1940 a, 6) measured the uptake of I* 
by the thyroid of normal persons and of patients with thyroid diseases by plac- 
ing a Geiger counter over the neck. The radioiodine was given by mouth, and 
was contained in 14 mg. of carrier iodine (!2*I). They found that in normal 
subjects and in patients with non-toxic goitre the concentration of I* in the 
thyroid rose gradually during the first and second days, reaching a plateau two 
days after administration at a mean level of 3-5 per cent. of the given dose in the 
controls, and at a level of 12 per cent. in the patients with non-toxic goitre. In 
hypothyroid patients with goitre 30 per cent. of the oral dose appeared in the 
thyroid within a few hours after administration ; this rapid absorption was fol- 
lowed by rapid disappearance of the I* from the gland, so that two days after 
administration only 2 per cent. of the dose remained in the thyroid. Toxic 
goitre absorbed in two to three hours about 12 per cent. of the dose; by the 
24th hour, however, only 4 per cent. of the dose remained in the gland. 

These results of early clinical investigation cannot be related directly to the 
information available from experimental animals with various states of thyroid 
activity, because the patients were given large doses (14 mg.) of iodine. The 
results therefore reflect the response of the thyroid to these excessive amounts 
of exogenous iodine rather than the metabolism of endogenous iodine. Hertz, 
Roberts, and Salter (1942), during studies of iodine metabolism in Graves’ 
disease, observed that the amount of carrier iodine added to a dose of I* 
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influenced significantly the percentage of the I* appearing in the thyroid. The 
thyroid of patients with untreated Graves’ disease might collect initially as much 
as 80 per cent. of the radioactive dose if the amount of iodine given was not 
more than 2 mg. Much less was found in the thyroid after a test dose of 14 mg. 
of labelled iodine. In Graves’ disease treated previously with Lugol’s iodine the 
thyroid did not absorb more than 2-5 per cent. of the dose. Hertz, Roberts, and 
Salter (1942) also fractionated chemically the organically bound iodine of the 
thyroid removed by operation. They found, in agreement with the results of 
animal experiments, that with increasing time after the administration of I* 
the amount of radioactivity in the thyroxine-like fraction increased. Hamilton, 
Soley, Reilly, and Eichorn (1943) also showed that after carrier-free I* the 
pattern of the uptake of I* by the thyroid is totally different from that obtained 
after large doses of carrier iodine. 

These earliest, more or less exploratory, investigations of patients clearly 
suggested that, apart from the study of the physiology of thyroid function in 
man, clinically useful tests might be evolved with the help of radioactive iodine 
for the diagnosis of thyroid diseases. All the clinical reports which were pub- 
lished up to about 1947 dealt with the proportion of a given dose of labelled 
iodine absorbed by the thyroid or excreted in the urine. Keating, Power, Berk- 
son, and Haines (1947) were the first to study systematically and quantitatively 
the dynamics of iodine metabolism in man by a mathematical analysis of urinary 
excretion-rates of radioiodine. Since both animal experiments and clinical in- 
vestigations indicated that the major portion of a radioiodine dose not absorbed 
by the thyroid was excreted in the urine, it appeared probable that the urinary 
excretion-rate might serve as an indirect measure of the functional state of 
the thyroid. Keating, Power, Berkson, and Haines (1947) constructed urinary 
excretion curves by plotting the total amount of I* excreted (expressed as a 
percentage of the dose given) against the time after administration. They found 
that in normal subjects, in euthyroid patients, and in patients with exophthal- 
mic goitre the curves were diphasic, the initial portion being exponential in 
character and the following portion linear. In myxoedema, up to three days 
after the administration of the tracer, the excretion of I* was purely exponential. 
The exponential parts of the excretion curves could be defined by the equation 


Q= Q; (1—e-") 


where Q is the amount of I* (expressed as a percentage of the original dose) 
excreted in the urine in time ¢, @, = the total amount finally excreted, andr=a 
constant depending on the rate at which the I* disappears from the blood. The 
value of r may be determined by plotting log (Q,—Q) against t. The value of 
Q, is estimated by the inspection of the excretion data, and in the case of the 
diphasic curves is adjusted so as to give a linear function when log (Q,—Q) is 
plotted against ¢. Thus r is a measure of the rate of disappearance of I* from the 
blood into all tissues, and rx Q, is the renal excretion-rate. The difference 
between r and rx Q,, or r—r x Q,; = r(1—Q,), was termed by Keating, Power, 
Berkson, and Haines the ‘collection rate’, which measures the rate of removal 
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of I* from the blood by all tissues other than the kidneys. They assumed that 
the ‘collection rate’ would primarily be influenced by variations in the thyroid 
absorption of I*, and therefore used the value of r(1—Q,) as an index of ‘the rate 
at which the thyroid removes I* from the blood. The Table shows the values of 
Q; 7, rXQ,, and 7r(1—Q,) obtained by these investigators in four groups of 
patients. The important observation is that the values of the renal excretion 


Summary of Quantitative Characteristics of Renal Excretion Curves of Radioiodine 
in Various Thyroid States 


(Keating, Power, Berkson, and Haines, 1947) 


Number Renal fraction Disappearance Renal Collection 
of (Q;) rate of I* excretion rate 
Condition cases (% of dose) from biood Price (r(1—Qy)) 


(r) (% per hour) 
(% per hour) ions per hour) 
Normal subjects . 4 65:2+ 5:0 11-:143°6 7-2+2°1 3:9+2°8 
Thyroid tumours, 10 65-1+11-0 8-9+42:1 5-741:8 3-2+1-7 
euthyroid 

Myxoedema . 6 84-644-5 6-8+1:8 5841-4 1-:0+0-6 
Exophkthalmic 

goitre 16 24-84 22-2 28-9451 23-5+8-0 


rates (r x Q,) are very similar in all conditions, whereas the ‘collection rate’ is 
lower in myxoedema, and much higher in exophthalmic goitre, than in euthy- 
roid conditions. The standard deviation of the values, as might be expected, was 
greatest in the group of patients suffering from exophthalmic goitre, since these 
patients had widely different degrees of thyroid hyperactivity. 

The work of Keating, Power, Berkson, and Haines has been dealt with in some 
detail because it was the first endeavour to put the clinical tests with radio- 
iodine on a quantitative basis, and the aim of subsequent investigations has 
been largely to improve or to simplify the method of these authors. It will be 
appreciated that for the quantitative method as devised by Keating, Power, 
Berkson, and Haines repeated observations have to be made up to 72 hours 
after the administration of I*, and therefore it is not altogether a simple clinical 
test. McArthur, Rawson, Fluharty, and Means (1948) found that pooled 
samples of urine collected over 24 or 48 hours are sufficient to show a difference 
between normal and thyrotoxic patients. Marinelli, Quimby, and Hine (1948) 
noted further that such a difference is shown even better if the excretion of 
radioiodine is measured from the sixth to the 24th hour after the administration. 
This observation was confirmed by Mason and Oliver (1949), who found that the 
percentage of I* excreted during the first six hours after administration was not 
much different in euthyroid, thyrotoxic, and myxoedematous subjects. Between 
the sixth and 24th hour, however, normal persons excreted 10 to 25 per cent., 
hypothyroid patients 26 to 39 per cent., and thyrotoxic patients not more than 
4-5 per cent. of the tracer dose given. Mason and Oliver (1949) drew attention to 
the possibility that in impairment of renal function the urinary excretion of I* 
may not provide a valid measure of thyroid function. One of their euthyroid 
patients with renal failure excreted during 24 hours only 12 per cent. of the given | 
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radioactive dose. Arnott, Emery, Fraser, and Hobson (1949) advocated, as a 
simplified and reliable test of thyroid function, the measurement of I* excreted 
during 0 to 8, 8 to 12, 12 to 24, and 24 to 48 hours after an oral dose of tracer 
iodine. 

Myant, Pochin, and Goldie (1948, 1949) and Myant, Honour, and Pochin 
(1949; see also Pochin, 1950) defined quantitatively both the renal and thyroid 
clearance rates of radioiodine by measuring the urinary excretion and the 
plasma concentration of I*, in addition to the rate at which I* appeared in 
the thyroid. The latter quantity was determined by direct measurement over 
the thyroid gland (Myant, Honour, and Pochin, 1949). The clearance rates were 
calculated on the same lines as the conventional renal clearance rates for other 
substances. They found that in normal subjects about 16 ml. of plasma were 
cleared of iodide by the thyroid per minute. In 11 untreated thyrotoxic patients 
the clearance rate averaged 486 ml. per minute (range 200 to 1,400 ml. per 
minute in individual cases). In myxoedema the thyroid clearance rates could 
not be measured accurately, the approximate values ranging from 1 to 4 ml. per 
minute (Pochin, 1950). The renal clearance of plasma-I* averaged about 30 ml. 
in all cases. These observations have already been confirmed (Macgregor, 1950). 
This elegant quantitative method appears to be a more sensitive and direct 
measure of the iodine-collecting activity of the thyroid than tests described pre- 
viously. 

A further test for differentiating clinical states of thyroid activity has been 
made by observations of the behaviour of plasma-iodine fractions after a dose of 
radioactive iodine (McConahey, Keating, and Power, 1949; Clark, Moe, and 
Adams, 1949; Freedberg, Ureles, and Hertz, 1949; Macgregor, 1950). For 
example, Macgregor reported that in normal individuals and in patients with 
myxoedema the highest plasma concentrations of I* (5 and 8 per cent. of the 
dose per litre of plasma respectively) were found within one or two hours after 
the administration of a tracer dose ; thereafter these concentrations fell in 24 to 
48 hours to a small fraction of 1 per cent. of the dose per litre of plasma. In 
myxoedema the plasma concentration fell more slowly than in normal indivi- 
duals. In thyrotoxic patients the plasma concentration is initially lower than in 
normal subjects on account of the high thyroid clearance of I*, and falls rapidly 
within the first five hours after the dose ; after this time the plasma-I* concentra- 
tion begins to rise again, and by 24 or 48 hours after the dose the concentrations 
may exceed the values observed initially. This secondary rise is due to the 
secretion of large amounts of radiothyroxine into the circulation by the thyroid. 
Determination of the plasma-I* concentration, and the fractionation of plasma- 
I* at 24 or 48 hours after a tracer dose into protein-bound I* (radiothyroxine) 
and inorganic iodide, may yet prove to be one of the diagnostic tests of great 
value. Further details of clinical tests employing radioiodine for the evaluation 
of the functional state of the thyroid may be found in the excellent articles by 
Rawson (1949), Raben and Astwood (1949), Skanse (1949), Pochin (1950), and 
Keating, Haines, Power, and Williams (1950). . 

It is apparent from the varied clinical observations that the avidity of the 
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thyroid for iodine is related to its functional state, as was also found in experi- 
mental animals. These studies have provided valuable information regarding 
the physiology of thyroid function, and useful clinical tests for differential 
diagnosis. In clinically clear-cut cases of disturbed thyroid function the tests 
with radioiodine gave a more impressive differentiation of these conditions than 
other clinical measures. But it must be emphasized that the biological variations 
encountered are great and inevitably overlapping, and borderline cases are met 
with. The segregation of such cases may not be simple even with tracer tech- 
niques, and repeated and varied observations may be necessary. It may be 
hoped that with improved measuring devices and tests the range of differential 
diagnosis may be expanded, and some further advances have already been made 
in this direction. (For techniques of in vivo measurement of radioisotopes see 
Veall, 1950.) 


Treatment of Thyrotoxicosis with Radioiodine 

There can be very little doubt of the great value of isotopic tracers for the 
study of physiological processes. The therapeutic application of radioactive 
isotopes, however, is still largely in an experimental stage, and except in a few 
instances the ultimate results cannot adequately be evaluated. The closing 
remarks of Dr. Ralston Paterson at the end of his paper on the treatment of 
thyroid carcinoma by radioiodine read at the joint meeting of the British In- 
stitute of Radiology and the Section of Radiology of the Royal Society of 
Medicine of London, referring to this type of treatment, that ‘the whole process 
is still very experimental and very nebulous—but most interesting’ (Paterson, 
1950), describe the position succinctly, albeit with some rhetorical flourish. In 
spite of the uncertainty surrounding some of the therapeutic uses of radio- 
isotopes, it may be worth while to survey briefly some of the published data. 

Radioiodine might be considered the ideal element for the purpose of internal 
radiation therapy on account of its selective absorption into functional thyroid 
tissue. Hamilton and Lawrence (1942) reported almost complete destruction 
of the thyroid in dogs and rabbits by large doses (the quantity was not stated 
in the published abstract) of I, without any evidence of damage in other 
tissues. They also reported the oral administration of this isotope (in doses 
presumably larger than those used for metabolic investigations) to three patients 
with hyperthyroidism. No ill effects from the radioiodine were noted. Two of 
the patients were in complete clinical remission four and a half months later ; 
the third patient required another small dose of radioiodine. Hertz and Roberts 
(1942) reported at the same time the use of radioiodine in 10 patients with hyper- 
thyroidism. The first full details of these therapeutic trials were not published 
until 1946 (Hertz and Roberts, 1946 ; Chapman and Evans, 1946). The patients 
treated by these groups of workers were given orally a mixture of }°°I (half-life 
12-6 hours) and 3*![ (half-life eight days) as obtained from the deuteron bom- 
bardment of tellurium in the cyclotron. The shorter-lived isotope predominated 
in the mixture. The patients of Hertz and Roberts were given ordinary iodine 
in addition to the radioactive iodine. The authors reported after a follow-up of 
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two to four years that 20 out of 29 patients were cured of thyrotoxicosis, 
although five of them developed myxoedema. The radiation dosage delivered 
to the thyroid by the absorbed isotopes ranged between 200 and 2,000 roent- 
gens. Chapman and Evans (1946) treated 22 thyrotoxic patients with radio- 
iodine alone. The doses used by them were appreciably greater than those 
employed by Hertz and Roberts, and were finally set at 0-5 to 1 me. of °I per 
estimated gramme of thyroid tissue, or 40 to 50 me. of 1°I per patient. They 
calculated that the radiation dose in the thyroid of a patient who swallowed 
14 me. of }°[ was equivalent to about 3,500 roentgens. Of 22 patients treated, 
14 responded well to a single dose, three were given two doses, and five were 
given three doses. Four patients developed myxoedema and two, although im- 
proved, remained thyrotoxic. 

After the above publications, as }*4I became available in large amounts from 
the chain-reacting piles, °° was superseded by 1*1I, which has a longer half-life 
(eight days). Several groups of investigators applied it to the treatment of 
thyrotoxicosis (Soley, Miller, and Foreman, 1949; Haines, Keating, Power, 
Williams, and Kelsey, 1948; Chapman, Skanse, and Evans, 1948; and others). 
Soley and Foreman (1949) reviewed the data available from the treatment with 
131] of 288 hyperthyroid patients. The amount of “I administered ranged from 
1 to 20 mc., with good therapeutic results with 2 to 12 mc. The evidence indi- 
cates that clinically good results were obtained in 83 per cent. of the cases, the 
results were fair in 9-7 per cent., and 5-5 per cent. were failures. Sixteen of the 
288 patients developed myxoedema, and five died from a few days to several 
months after the treatment, but the deaths were not apparently related to the 
131[ medication. The complications that may arise after treatment of thyro- 
toxicosis with radioiodine seem relatively mild. Within a few days after admin- 
istration of I* the thyroid usually becomes tender to touch and firm. Sore 
throat and cough may develop, the latter persisting for weeks. Also during the 
first fortnight the thyrotoxic symptoms increase in severity, and this aggrava- 
tion is associated with an increase of the protein-bound iodine in the blood. This 
may well be caused by the destruction of thyroid tissue and the release of stored 
hormone into the circulation. Radiation sickness is apparently uncommon, 
having been noted only in one instance in a mild form. Progression of exophthal- 
mos (1-5 mm. or more) has been noted in 16 out of 50 patients, an occurrence not 
greater than after subtotal thyroidectomy (Soley, Miller, and Foreman, 1949). 
All groups of investigators agree that toxic nodular goitre is the least amenable 
to internal radiation therapy, and that this condition should be treated surgic- 
ally. It is too early yet to say in how many patients the disease will recur, or 
whether other late sequels may follow the treatment with radioiodine. Neverthe- 
less, it seems that internal radiation therapy of hyperthyroidism with I is 
becoming one of the recognized methods of treatment in the U.S.A., with fairly 
definite indications and contra-indications. , 

The only published report pf treatment of thyrotoxicosis with ™I in this 
country came from the Sheffield National Centre for Radiotherapy, and was by 
Blomfield (1950), who treated 10 patients. Although the cases would have to be 
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followed longer for a fuller assessment of the benefits of the treatment, the 
results so far obtained bear out the experiences of the American workers. The 
indications for ™I treatment of thyrotoxicosis at the Sheffield Centre are 
(1) lack of response, or the development of toxic symptoms, after thiouracil 
drugs ; including those cases in which there is no permanent remission after the 
use of drugs for two years ; (2) patients in whom surgical risks are high, or who 
have refused to consent to operation ; (3) patients who have had thyroidectomy 
but have relapsed, and in whom methyl thiouracil has not induced remission. 
These indications are very similar to those used by the American workers, who 
specify further that only patients with primary hyperthyroidism of moderate 
severity, with a gland not larger than 80 gm., should be treated. Severe exoph- 
thalmos, when X-ray therapy is inadvisable because of the large amount of 
thyroid tissue present, is another indication for treatment with 4I. According 
to the American workers the following factors constitute contra-indications to 
therapy with radioiodine: (1) toxic nodular goitre ; (2) extremely large thyroids, 
with or without pressure symptoms; (3) severe thyrotoxicosis with complica- 
tions, since the internal radiation therapy is likely to exacerbate the symptoms ; 
(4) pregnancy ; and (5) previous treatment with iodine (?27I) unless it is shown by 
tracer investigations that there is an adequate uptake of I* by the thyroid. 

It may be of interest to mention here that Hamilton and Soley (1940a) and 
Hamilton (1942) demonstrated that the radioactive element 85, named astatine, 
is absorbed and retained by the thyroid of animals and man to almost the same 
extent as iodine. Astatine does not occur naturally, but can be prepared in the 
cyclotron. It has a half-life of 7-5 hours, and decays with the emission of 6 Mev. 
(million electron volts) alpha particles. It has been suggested by Hamilton 
(1948) that these properties of astatine may conceivably make it a valuable 
isotope in the treatment of thyrotoxicosis. 


Treatment of Thyroid Carcinoma with Radioiodine 

If it were shown that cancer of the thyroid, in both the primary and secondary 
growths, concentrates iodine like the normal or hyperactive gland, then this 
tumour might well be amenable to treatment with radioiodine. Such treatment 
would be particularly valuable when metastases, which occur most commonly in 
the skeleton, are present. Published reports on this subject are relatively few, 
although the information available indicates that investigators in many centres 
concern themselves very actively with this problem. The early hopes of a suc- 
cessful treatment of thyroid carcinoma by internal radiation therapy have not 
been fulfilled, because it was found that only a few forms of thyroid carcinoma 
have the ability to concentrate iodine. This setback has, however, stimulated 
research to find how the difficulties encountered can be overcome. Hamilton, 
Soley, and Eichorn (1940) failed to find any evidence of uptake of I* by cancerous 
thyroid tissue removed by operation two days after the administration of tracer 
doses of radioiodine. The non-cancerous normal or hyperplastic parts of the 
thyroid gland, on the other hand, retained their ability to absorb iodine. 
Keston, Ball, Frantz, and Palmer (1942) and Frantz, Ball, Keston, and Palmer 
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(1944) reported that in a case of thyroid carcinoma of the adenoma malignum 
type a metastasis in the femur, not treated previously by X-rays, absorbed about 
30 per cent. of a dose of I*. Histologically this metastasis was of a well- 
differentiated type, whereas the metastases treated previously with X-rays and 
which failed to absorb I* were undifferentiated. The same authors (1944) en- 
countered two other cases of thyroid carcinoma, one a Hiirthle-cell tumour and 
the other a well-differentiated adenoma malignum ; the metastases did not take 
up I* in either case. Marinelli, Foote, Hill, and Hocker (1947) found 10 out of 
19 cases of thyroid carcinoma with an avidity for radioiodine. They studied the 
tumours by radioautographic technique after the patients had been given either 
tracer or therapeutic doses of 4J. They found a close correlation between the 
histological structure of the neoplasm and its ability to accumulate iodine. 
Generally the tumours showing orderly cell arrangements in alveolar pattern, 
and containing colloid, were those which absorbed iodine. There was no differ- 
ence in this respect between the primary and secondary growths. Five of the 
tumours were of the benign metastasizing struma type, and had the structure of 
follicular adenocarcinoma in some portions of the material examined. There 
was only one case among the 19 which was of an undifferentiated highly malig- 
nant type, without follicular pattern, and yet gave signs of iodine uptake. Mari- 
nelli, Foote, Hill, and Hocker (1947) emphasized the fact that their cases were 
selected and that, on the basis of their findings and of the relative frequency of 
the various types of thyroid carcinoma, only about 15 per cent. of all thyroid 
cancers may be expected to accumulate radioactive iodine. An interesting study 
by Leiter, Seidlin, Marinelli, and Baumann (1946) of two cases of metastatic 
thyroid carcinoma associated with thyrotoxicosis showed that the toxic symp- 
toms were due to thyroxine production in the metastases. The absence of func- 
tional thyroid tissue in the neck was proved by the lack of uptake of I* in that 
area. The hyperthyroidism in these cases could be well controlled by the admin- 
istration of thiouracil, but not by iodine, which aggravated the condition of one 
of the patients. In a further report Seidlin, Marinelli, and Oshry (1946) de- 
scribed the treatment with radioiodine of one of these patients, whose thyroid 
was removed 20 years before because of a malignant adenoma. There were 
metastases in the right femur, pelvis, ribs, and skull, all of which accumulated 
I*, After therapeutic doses of 1°I definite and lasting clinical improvement 
followed, with disappearance of pain, increase in weight, and a progressive change 
towards hypothyroidism. X-ray films showed that the disease was arrested. 
No purpose would be served by reviewing all the cases so far treated with 
radioiodine, although their number is not very great. All the investigators agree 
that only a limited number of thyroid carcinomas have the power to accumulate 
radioiodine, and in such cases some significant improvements have been observed 
after radioiodine treatment (Pochin, 1950; Warrington, 1950; Walton, 1950; 
Green, Tait, and Worsnop, 1951). Cases of thyroid carcinoma have been en- 
countered in which only a few of the metastases had the power to concentrate 
iodine (Green, Tait, and Worsnop, 1951). Though at first sight the treatment of 
thyroid carcinoma with radioiodine seems disappointing, it must be admitted 
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that a number of patients who could not be adequately treated before by con- 
ventional methods have definitely benefited from isotopic therapy. Present 
endeavours are directed towards either increasing the iodine-concentrating 
capacity of a thyroid tumour, if it is shown by tracer experiments that it already 
absorbs iodine, or inducing this property in the tumour if it does not possess it. 
Seidlin, Oshry, and Yalow (1948) reported in a preliminary paper that some 
thyroid carcinomas, which at first did not absorb iodine, have done so after 
treatment with thyrotrophic hormone. Another possibility for the induction 
of iodine-absorbing capacity in thyroid carcinoma was suggested by Rawson, 
Marinelli, Skanse, Trunnell, and Fluharty (1948). They reported that the normal 
thyroid gland was either removed surgically or destroyed by large doses of 
radioiodine in 21 patients who had non-functioning metastases from primary 
cancer of the thyroid. Among these 21 cases there were 14 papillary adeno- 
carcinomas, 13 solid and/or follicular adenocarcinomas, 3 giant-cell carcinomas, 
and | Hiirthle-cell adenocarcinoma. Eight of the 13 cases of solid and/or follicu- 
lar adenocarcinomas assumed the capacity to concentrate radioiodine in from 
one to 32 months after the normal thyroid was removed. If these claims be 
confirmed, the number of thyroid cancer cases amenable to treatment with 
radioiodine will certainly increase. Removal of the normal thyroid before com- 
mencing I* treatment of a functioning thyroid carcinoma had, however, another 
rationale apart from the possibility of inducing or increasing the iodine-absorb- 
ing capacity of the metastases. Since the aim of treatment with I* is to con- 
centrate the maximum possible amount of isotope in the neoplastic tissue, it is 
obvious that the normal thyroid gland, if not removed, will compete with the 
tumour for the iodine. With the therapeutic doses employed in these cases 
(100-200 me. of 1*1I) this would result in such concentrations of radioiodine in 
the thyroid as not only to destroy the thyroid but also to cause serious damage in 
the surrounding tissues. Further, the amount of radioiodine left available to the 
neoplastic tissue would be substantially reduced, and this might result in an in- 
complete destruction of the tumours. It has been observed that formerly well- 
differentiated metastases may become anaplastic, and completely or partially 
lose their iodine-absorbing capacity, after an inadequate dose of radioiodine. 
For this reason it is advocated that the preliminary removal of the thyroid 
should be done surgically whenever possible (compare Paterson, 1950). 

The medical uses of the radioactive isotopes of iodine have been dealt with at 
some length, although incompletely, because it is thought that radioiodine has 
now found its place, quite justly, among the equipments of the medical research 
worker, the clinician, and the radiotherapist. Radioiodine has advanced the 
knowledge of the function of the thyroid gland, it is of definite aid in diagnosis, 
and its therapeutic value is very promising. 


The Uses of **P (Radiophosphorus) in Medicine, with Special Reference to 
the Treatment of Blood Diseases 


Phosphorus exists in nature as a single nuclear species, *!P. Artificially several 
radioactive isotopes of P have been produced ; only one of these, **P, is useful 
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as a tracer element. It has the convenient half-life of 14-3 days, and it decays by 
the emission of B-rays of high energy (1-69 Mev. maximum energy), and hence 
its measurement is one of the easiest among the radioisotopes. On account of the 
absence of penetrating y-rays in vivo measurements of this isotope are possible 
only in the most superficial structures, such as skin lesions and subcutaneous 
tumours. Very extensive reviews have been written of the results obtained with 
32P in biological and medical investigations (Hevesy, 1948 a, b; Greenberg, 1948 ; 
Hall, 1948; Marshak, 1949; and others). Radiophosphorus in medicine has been 
used mostly as a non-specific tracer element, and even in its therapeutic applica- 
tion in polycythaemia vera its specificity is not comparable to that of radioiodine, 
which is selectively absorbed by the thyroid. It should be apparent at once that 
this must be so, because phosphorus is widely distributed in all the tissues of the 
body either as inorganic phosphate or in combination with organic substances 
such as nucleoproteins, phospholipins, phosphoproteins, and adenosinepoly- 
phosphates. Particularly in the latter combination, it plays a very important 
role in energy-yielding biochemical processes. Thus it is seen that phosphorus is 
an element which takes part in a diversity of reactions. If any of these reactions 
are to be studied with labelled phosphorus, specific methods for the isolation of 
the compounds involved, and other techniques, have to be employed. There is 
perhaps no other isotopic tracer the use of which may lead to so many pitfalls, 
and interpretation of results obtained with °*P are very seldom straightforward. 
The amounts of **P appearing in any tissue after an oral or parenteral dose of 
32PQ, depend on a number of factors, the most important of which are (1) the 
permeability of the particular tissue to phosphate ions, (2) the turnover-rate of 
the phosphorus compounds in the tissue, and (3) in the case of growing tissue, 
the rate of laying down of new cells. The first factor has perhaps the greatest 
influence on the amount of **P appearing in any tissue. If the permeability of 
the cells to phosphates is low they will take up only a small amount of *?P, 
although the turnover of the phosphorus compounds within the cells may be 
high. Skeletal muscle is a typical example of such a case. A neglect to take 
permeability factors into account may lead to erroneous conclusions in studies 
with *P. It was thought for a long time that the turnover of phosphorus com- 
pounds in the brain is very slow, because only minute amounts of **P appear 
in that organ after either oral or intravenous injection of the isotope. Most re- 
cent investigations have, however, shown that large amounts of **P will be in- 
corporated into the phosphorus compounds of the brain if the isotope is injected 
intracisternally or into the subarachnoid space, and that the phosphorus meta- 
bolism of brain is in fact very fast (Lindberg and Ernster, 1950). 

High permeability to phosphate and rapid phosphorus metabolism are char- 
acteristic of fast-growing and regenerating tissues, which therefore absorb 
relatively large amounts of **P from a given dose. This has been demonstrated 
in both animal and human tumours (Erf and Lawrence, 1941; Erf, 1942; Forss- 
berg and Jacobsson, 1945; Forssberg, 1946; Walton, 1950; Marcus and Rot- 
blat, 1950). There is evidence that in growing tissues not only is the turnover of 
phosphorus and other substances increased, but that there is an actual accumu- 
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lation, that is, a greater movement of such substances into the cells than out- 
wards (tumours: Marshak, 1949; regenerating liver: Rittenberg, Sproul, and 
Shemin, 1948; foetal tissues: Popjik and Beeckmans, 1950 a, b). The phos- 
phorus metabolism of normal and leukaemic mice and of other tumour-bearing 
animals has been extensively studied with *2P (Kenney, Marinelli, and Woodard, 
1941; Lawrence and Scott, 1939; Jones, Chaikoff, and Lawrence, 1940; Law- 
rence, Tuttle, Scott, and Connor, 1940; Tuttle, Erf, and Lawrence, 1941; and 
others). All these investigations have shown that the neoplastic tissues absorbed 
and retained more isotope than normal cells. A further important observation 
made by Marshak (1940, 1941, 1949), which has a bearing on the treatment of 
some hyperplastic and neoplastic conditions with **P, should be mentioned 
in detail. This author studied the distribution of labelled phosphorus in the 
cytoplasm and nuclei of normal and regenerating liver-cells and in animal 
tumours (lymphoma, sarcoma 180). It was found that normal liver-cells and 
their nuclei retained more **P initially from an injected dose than the tumour- 
cells. With increasing time after the injection, however, the tumour-cells re- 
tained a greater percentage of administered isotope than the liver-cells. Further, 
the ratio of the *2P content of liver-cell nuclei to that of the whole liver remained 
constant over a period of five days after the injection of *P. In tumour-cells, 
on the other hand, this ratio increased steadily, indicating not only that the 
tumour-cells eventually accumulated more *2P than normal liver-cells, but also 
that the proportion of the **P in the nuclei relative to the cytoplasm was greater 
in the neoplastic tissue than in normal liver-cells. Regenerating liver showed the 
same behaviour, and therefore it is evident that this metabolic pattern is a 
characteristic, not of malignant tissue as such, but generally of rapidly dividing 
cells. This brief summary of certain features of the phosphorus metabolism of 
rapidly growing tissues has been given in order to show the principle underlying 
the treatment of certain blood-diseases and tumours with *2P. It must be em- 
phasized again that for purposes of internal radiation therapy it is not at present 
possible to obtain an absolutely selective localization of **P in any tissue ; all that 
can be achieved is a relatively higher concentration of the isotope in rapidly 
multiplying cells than in normal tissues. 

A large number of cases of polycythaemia vera and of various forms of leukae- 
mia have been treated with **P during the past 10 years in the United States, 
and the reports issued from various centres indicate that administration of 32P 
is of definite value in polycythaemia and in chronic myeloid leukaemia (Rein- 
hard, Moore, Bierbaum, and Moore, 1946; Doan, Wiseman, Wright, Geyer, 
Myers, and Myers, 1947; Lawrence, Dobson, Low-Beer, and Brown, 1948; 
Hall, 1948; Friedell and Storaasli, 1949). The following summary and assess- 
ment of the treatment of polycythaemia vera and chronic leukaemias is based 
on the reports just cited. 

The red bone-marrow appears to be particularly affected by **P, because it 
has the characteristics of a rapidly regenerating tissue and thus absorbs and 
retains a relatively large proportion of an administered dose of this isotope. 
The bones enclosing the marrow also retain **P for a long time, and thus the 
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marrow is subjected to additional radiation from this source, since the f-rays 
of *=P penetrate a few millimetres of tissue. Cohn and Greenberg (1938) showed 
that in albino rats, 98 days after intraperitoneal injection of *2P, 92 per cent. 
of the **P retained in the body was present in the skeleton. All the investigators 
in the various clinical centres of the United States are in agreement that the 
treatment of polycythaemia vera with *P is preferable to treatment with phenyl- 
hydrazine ; in fact, the isotope treatment is regarded as the method of choice. 
In polycythaemia vera rubra there is a hyperplasia of all the components of the 
bone-marrow, that is of the erythropoietic, myelopoietic, and megakaryocytic 
elements. It has not been possible to control with phenylhydrazine the hyper- 
plasia of all three components, least of all the megakaryocytic hyperplasia, with 
the result that the high platelet count has persisted in spite of the treatment. 
Thus the common tendency to thromboses cannot altogether be corrected with 
phenylhydrazine. **P, on the other hand, affects all the elements of the bone- 
marrow, and as a result the symptoms and complications of polycythaemia vera 
can be well controlled in a large percentage of the patients, and satisfactory 
remissions, lasting for several months or even for some years, can be obtained 
even with a single course of the isotope. Hall (1948) reported that in 124 cases 
of polycythaemia there was an incidence of haemorrhage in 33 per cent., and 
of thrombophlebitis and thromboses in 27-4 per cent., of the cases before treat- 
ment with **P, and in only 1-6 per cent. and 2-4 per cent. respectively after the 
internal radiation therapy. These figures were based on six years’ observations. 
It seems that the notable absence of thromboses is due not only to a decrease in 
the viscosity of the blood or to a fall in the number of platelets, but also to 
liberation of heparin or a heparin-like substance into the blood after irradiation 
of the body with the isotope. Allen, Sanderson, Milham, Kirschon, and Jacob- 
son (1948) described heparinaemia in dogs irradiated with moderate doses of 
X-rays. Apart from these two severe complications, other symptoms associated 
with the disease—fatigue, headache, dizziness, heat-intolerance, pains, pruritus, 
visual symptoms, paraesthesiae, erythromelalgia—are also relieved or improved 
in 80 to 90 per cent. of the cases. Further, it is significant that the results in- 
dicate that the patients treated with =P may have an almost normal expecta- 
tion of life (Lawrence, 1948). The recent investigation by Neuberger and Niven 
(1951) of red-cell and haemoglobin formation may well provide the explanation 
of the relative inability of phenylhydrazine to induce complete remissions in 
polycythaemia vera. These authors have shown that the regeneration of 
erythrocytes in rabbits made anaemic with phenylhydrazine is 7-5 to 8 times as 
fast as in normal animals, and 1-5 to 2 times as fast as in animals made anaemic 
by haemorrhage. In other words, the result of phenylhydrazine anaemia is an 
exceptionally high degree of stimulation of the bone-marrow. Clearly such an 
effect in polycythaemia vera is not desirable. The result of **P therapy, on the 
other hand, is the destruction of a large portion of the red marrow, which 
afterwards may not become hyperplastic again for months or for several years. 

It should not be thought that treatment of polycythaemia with *P is without its 
complications. Doses of **P large enough to produce remission of polycythaemia 
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cause in a relatively large number of patients leucopenia, thrombocytopenia, 
and anaemia, which, however, are usually not irreversible. Hall (1948) recorded 
among 124 treated patients 36 cases of leucopenia (leucocyte count less than 
5,000 per c.mm.), 27 cases of thrombocytopenia (platelet count less than 100,000 
per c.mm.), and 20 cases of anaemia (red-cell count less than 4,000,000 per 
c.mm.). These complications developed after the first course of treatment, either 
singly or two together ; in only two patients did all three occur simultaneously. 
Recovery took place in all cases in several weeks or several months, thrombo- 
cytopenia generally lasting longer than either leucopenia or anaemia. Among 
the 124 cases severe hypoplastic anaemia was observed in one instance only. The 
patient recovered after repeated blood transfusions over a period of two months. 
Another serious complication of **P therapy in polycythaemia is the develop- 
ment of acute fulminating myeloid leukaemia. Hall (1948) reported four cases 
of acute myeloid leukaemia among the 124 patients treated at the Mayo Clinic. 
Another four cases were recorded by Erf (1946) among 176 polycythaemic 
patients treated with *2P at various centres in the United States. The total 
number of deaths among these 300 patients was 18. It appears, therefore, that 
the development of acute leukaemia in about 3 per cent. of the patients treated 
with *2P has to be considered as a serious hazard. While chronic myelogenous 
leukaemia is known to be one of the frequent terminal events in polycythaemia 
vera, acute leukaemias were practically unknown before the advent of 2P 
therapy. Curiously enough there were no chronic leukaemias among the 300 
patients just mentioned. Lawrence (1948) gave it as his opinion that the inci- 
dence of leukaemia among polycythaemic patients had been reduced since the 
introduction of the isotope therapy. Tinney, Hall, and Giffin (1945) observed 
‘leukemoid reaction of myeloid type’ in 17 per cent. of cases in a series of 163 
polycythaemic patients not treated with *2=P. In 10 per cent. the terminal pic- 
ture was indistinguishable from chronic myelogenous leukaemia. Observations 
extended over a longer period will be necessary for a final judgement as to 
whether the incidence of leukaemia among polycythaemic patients treated with 
32P has in fact been reduced. 

It is beyond the scope of this review to describe the methods of treatment 
with radioactive isotopes, for which the original publications should be con- 
sulted. It is pertinent to comment, however, that such treatments must be done 
with great circumspection under the joint supervision of the radiotherapist and 
the clinician. It should be mentioned that the amounts of the radioisotope 
necessary to induce remission in polycythaemia vary fairly widely, and each 
case has to be assessed individually. The attention of readers interested in the 
problem of dosage of radioisotopes is drawn to the monograph of Mayneord 
(1950), where the subject is fully dealt with. 

The treatment of leukaemias with **P is disappointing in comparison with the 
success achieved in polycythaemia vera. Chronic myeloid leukaemia is the only 
form of leukaemia in which administration of **P is of benefit. The effects of 
this internal radiation therapy are not any better than those achieved with 
X-rays, except that there is no radiation sickness after **P. X-rays are usually 
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more effective than **P in reducing the size of the spleen and lymph-nodes in all 
chronic forms of leukaemia. Treatment with **P of acute or subacute myelo- 
genous, or acute lymphoid, leukaemia has little or no effect on the course of 
the disease. A number of other diseases—Hodgkin’s disease, lymphosarcoma, 
reticulum-cell sarcoma, multiple myeloma, melanoma, carcinoma of the gall- 
bladder or of the breast, Ewing’s tumour, xanthomatoses, mycosis fungoides— 
do not respond favourably to *P. 


The Use of Radioactive Isotopes in Applicators 
for Radiotherapy 

Radioactive isotopes placed in suitable applicators may be used as a source of 
external radiation, and for this purpose there is a fairly wide choice among 
these isotopes, according to the type and energy of radiation emitted. The prob- 
lem of such applications is ultimately that of dosage, which it is beyond the 
competence of the writer to discuss. This field has not been fully explored yet, 
but the few trials that have been made indicate that such applications may have 
definite advantages over other forms of radiotherapy. The f-rays of radio- 
phosphorus penetrate to only 5 or 6 mm. in tissues, and therefore *P is ideally 
suited to the irradiation of superficial lesions such as papilloma of the skin, 
rodent ulcer, haemangioma, and lesions of the eye, where the penetrating y-rays 
of radium are undesirable. Blotting-paper of suitable dimensions may be soaked 
in a solution of Na,H**PO, of known radioactivity and, after drying, applied to 
the skin lesions (Low-Beer, 1946, 1947) ; or 3*=P may be incorporated into a plastic 
applicator (Raper, 1947). Recently Walton (1950) has reported the successful 
treatment of selected cases of papilloma or carcinoma of the bladder with 4Na 
contained, as a solution of NaCl, in a rubber bag. The cases treated were those 
in which there was a malignant or premalignant change in a large area of the 
mucosa, without demonstrable spread to a depth greater than a few millimetres. 
These cases were considered unsuitable for treatment with radon-seed implants, 
the only alternatives of treatment being a full course of deep X-ray therapy or 
total cystectomy with transplantation of the ureters. The technique used con- 
sisted of introducing the rubber bag into the bladder, either per urethram in 
women, or through a perineal urethrotomy in men, and filling the bag with a 
solution of NaCl containing 300 to 400 millicuries of **Na. The required dose is 
delivered in three to four hours, after which the bag is emptied and removed 
from the patient. The results so far obtained are so encouraging as to warrant 
further extension of the therapeutic trials. The development of such applica-. 
tions depends to a large extent on the ingenuity of individual investigators, and 
offers a good field to inventive talent. 


The Use of Insoluble Colloidal Radioactive Substances for Therapy 


Jones, Wrobel, and Lyons (1944) showed that the distribution of **P in the 
bodies of animals after injections of insoluble colloidal preparations of *?P, such 
as chromic phosphate, is totally different from that found after the administra- 
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tion of soluble orthophosphate. Preparations of chromic phosphate were made 
in which the particle size was ly or less. The authors found that mice tolerated 
as much as 1 mg. of chromic phosphate per gm. of body-weight without toxic 
effects, and that about 90 per cent. of the injected dose was retained in the liver, 
and the rest mostly in the spleen and lungs. After a dose of soluble **PO, the 
liver, kidney, and small intestine accounted for about 9 per cent. of the dose per 
gm. of tissue, and rapidly eliminated most of it. Such a difference could be anti- 
cipated from the known avidity of the reticulo-endothelial system for colloidal 
particles. The selective localization of injected colloidal chromic phosphate in 
the liver and spleen offers the possibility of delivering high radiation dosage to 
these organs. Jones, Wrobel, and Lyons observed that, in spite of the high per- 
centage of the *2P deposited as chromic phosphate in the liver, this organ suffered 
relatively little radiation damage, whereas the spleen was reduced to a con- 
nective-tissue framework and macrophages. It appears that liver- and lung- 
parenchyma and reticulo-endothelial cells are less sensitive to B-radiation than 
lymphatic tissues. It is worth mentioning that two mice treated with colloidal 
chromic phosphate labelled with *2P developed hepatoma after a high dose of 
B-radiation, estimated by the authors as equivalent to 80,000 r in 20 days. 
Work with colloidal chromic phosphate is in a preliminary phase, but the selec- 
tive localization observed might prove of some use in the treatment of primary 
and secondary tumours of the liver, spleen, and reticulo-endothelial system. 

Marcus and Rotblat (1950) reported that colloidal metallic copper labelled 
with Cu, after intravenous injection into a patient with widespread secondary 
melanomata, was not taken up by the melanotic nodules, but was concentrated 
(about 82 per cent. of the dose) and retained in the liver for at least two days. On 
account of the decay of Cu (half-life 12-8 hours) the observations could not be 
extended beyond two days. The uses of a number of other radioactive colloids 
in therapeutic trials have also been reported (compare the review by Dougherty 
and Lawrence, 1948). These include colloidal manganese dioxide protected by 
gelatin, zine stabilized by a preparation of pectin, and colloidal sols of gold, 
yttrium, zirconium, and columbium, the last three named being fission-products. 
These colloids, after intravenous injection, concentrate to a large extent in the 
liver, spleen, and reticulo-endothelial system, or in the bones and bone-marrow. 
Hahn and Sheppard (1946) and Sheppard and Hahn (1946) suggested that col- 
loidal manganese dioxide after intravenous injection may be localized selectively 
in the lymphatic reticulo-endothelium. According to Sheppard, Goodell, and 
Hahn (1947) gold sols have the same property. 

Apart from intravenous administration, radioactive colloids have been tried for 
the treatment of malignant growths by direct interstitial infiltration of the tum- 
ours. Forexample, the interstitial infiltration of uterine carcinoma with a suspen- 
sion of Cu (half-life 38-3 minutes) in pectin was reported by Miiller (1946). In the 
two cases treated the isotope was strictly localized in the area of injection, and 
the tissue reactions were similar to those occurring after radium therapy. It is 
difficult to see at present what might be the advantages of such infiltration- 
techniques over the well-developed and controlled radium-implantation 
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methods. Nevertheless these colloids seem to have interesting properties worth 
further exploration. 


It should be apparent from the account given in the various sections of this 
article of the therapeutic application of artificial radioactive isotopes, that so far 
only the use of radioiodine and radiophosphorus has been established for the 
treatment of certain conditions. The fact has been emphasized that the aim of 
internal radiation therapy must be the selective localization of the selected 
radioisotope within desired cells. Such a localization can be obtained at present 
only with radioiodine in functioning thyroid tissue, as a result of the natural 
avidity of such tissue for iodine. The therapeutic uses of the radioisotopes may 
therefore seem disappointing, yet one may have faith in future discoveries 
of substances which will be absorbed specifically by certain tissues, as iodine 
is by the thyroid. Such hypothetical substances could be tagged with radio- 
carbon (!4C) or some other suitable isotope for the purposes of internal radiation 
therapy. 


Some Diagnostic Uses of **P 
A broad outline has been given in a previous section of the phosphorus meta- 
bolism of neoplastic, or generally of rapidly growing, tissues as revealed by 
studies with *P. Although it is generally not possible to maintain a sufficiently 
high concentration of **P in a neoplastic tissue to be effective therapeutically, 
yet the higher concentration of the isotope in the tumour, as compared with the 
surrounding tissue, makes the localization and study of such tumours possible 


in vivo if these are situated in superficial tissues. Investigations of the concen- 
tration of **P in superficial lesions, in patients given radiophosphorus by mouth 
or injection, have suggested some diagnostic possibilities. 

Marinelli and Goldschmidt (1942) described the detection of B-rays of **P 
from circumscribed areas of skin. They found, for example, that the concentra- 
tion of **P in cutaneous nodules of secondary melanotic carcinoma was greater 
than in the normal skin, and that the isotope disappeared from the lesions at a 
slower rate than from the normal skin. Marcus and Rotblat (1950) have similarly 
found a greater concentration of *2P in cutaneous nodules of melanoma than in 
the normal skin. In two cases of mycosis fungoides investigated by Marinelli 
and Goldschmidt (1942) the amount of *?P in the lesions was nearly 20 times 
greater than in normal skin areas, and the rate of elimination of **? from the 
affected areas was consistently higher than from the normal skin. It also seems 
that the amount of **P appearing in the affected areas was proportional to the 
severity of the lesions. Low-Beer, Bell, McCorkle, and Stone (1946) reported 
an increased radioactivity, after administration of **P, over palpable breast 
tumours. Twenty-five patients with breast tumours were given 300 to 400yc. of 
32P 24 to 48 hours before operation, and radioactivity measurements were made 
with a Geiger-Miiller counter over the tumours and over comparable areas of the 
other breast four, six, and 24 hours after administration. With the exception of 
one case of a mucoid carcinoma, the radioactive counts over the malignant 
tumours (16 cases) were more than 25 per cent. higher than the counts over 
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the normal breast areas. Although the, radioactive counts over the mucoid 
carcinoma, and over eight benign mammary tumours, were higher than the 
counts over the control skin areas, the increased counting-rate was less than 
25 per cent. above the control value. Mayneord and Belcher (1950) injected 
1 me. of *2PO, into a patient who had carcinoma of the breast with metastatic 
nodules under the skin of the back, and measured the radioactivity with a scintil- 
lation counter and a Geiger-Miiller counter over the skin nodules 24 hours after 
the injection. The counts obtained with both instruments over the secondary 
nodules were 1-5 to 2-5 times greater than over normal skin areas. Walton (1950) 
reported that the radioactivity from **P over subcutaneous nodules of secondary 
gastric carcinoma was about five times greater than over the normal skin. It 
would seem that the observations just mentioned might provide a diagnostic 
measure of superficially growing malignant tumours; indeed, it has been sug- 
gested by Low-Beer and his colleagues that their observations on breast tumours 
might be used for differentiating malignant and non-malignant tumours of the 
breast. In several reviews and articles one may read enthusiastic remarks 
about the possibilities of such a method. The present writer has no experience 
in this field, yet purely on the basis of the pathological characteristics of tumours 
and of the phosphorus metabolism of tissues it is felt that caution should be 
exercised in accepting unreservedly a differential diagnosis based on the type 
of observations just described. In the first place, the radioactivity from **P 
detectable over a subcutaneous tumour would depend very largely on the thick- 
ness of overlying tissue, since most of the f-radiation of **P is absorbed by 6 to 
8 mm. of tissue. Secondly, it seems probable to the writer that it is the uptake of 
32P by the parenchyma of the tumour which is primarily responsible for the 
radioactive counts observed in skin areas over neoplasms. Since in the com- 
monest of benign breast tumours, the fibroadenomas, the fibrous stroma pre- 
dominates over the glandular parenchyma, a low *2P uptake is expected. But 
an equally low **P absorption may be anticipated in a carcinoma abounding in 
stroma, as is shown in the case of the mucoid carcinoma studied by Low-Beer 
and his colleagues. The use of 9?P may serve as an adjuvant to other diagnostic 
measures, or may be a useful tool in studying tumour metabolism, but it cannot 
supersede the reliability of diagnosis by biopsy. 

The use of red cells labelled with *2P for the determination of circulating red- 
cell volume will be discussed in a later section. 


Radioactive Iron in the Study of Iron Metabolism and of the 
Physiology of Erythrocytes 
The use of radioisotopes of iron has proved one of the most fruitful and 
interesting fields of tracer research, and its results have filled great gaps in our 
knowledge of iron metabolism. Iron is an essential constituent of the haem of 
haemoglobin and of other important pyrrole derivatives in the body, myoglobin, 
the cytochromes, liver catalase, and peroxidases. It is also present in high 
concentration (23 per cent.) in ferritin, a protein obtainable in crystalline form 
which, as will be mentioned below, plays an important part in the transport of 
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iron in the body and also acts as one of the major iron-stores. A study of the 
interrelation of these various iron-containing compounds was not possible 
before the advent of tracer techniques. 

Natural iron is a mixture of four isotopes which occur in various proportions, 
54Fe (6-0 per cent.), Fe (91-6 per cent.), 57Fe (2-1 per cent.), and 5*Fe (0-28 per 
cent.). Three radioactive isotopes of iron are known, *Fe, Fe, and 5°Fe; two 
of these, with the mass numbers 55 and 59, are used as tracers. The half-life of 
55Fe is four years, and that of 5°Fe 47 days. The characteristics of the radiations 
emitted from these two isotopes are very different. Fe decays by what is 
known as ‘K capture’, that is the capture by the atomic nucleus of an electron 
from the orbital K shell, and emits a soft X-ray (6-5 Kev.). ®°Fe decays in 
about 50 per cent. of the disintegrations by the emission of a 0-46 Mev. (maxi- 
mum energy) f-ray followed by a 1-10 Mev. y-ray; in the other 50 per cent. of 
the disintegrations *°Fe decays by the emission of a B-ray of 0-26 Mev. maximum 
energy followed by a y-ray of 1-30Mev. It is possible to construct Geiger-Miiller 
counters which will be sensitive to the B-rays of *°Fe but will not react to the soft 
X-rays of **Fe, and counters which will measure the X-rays of Fe but not the 
B- or y-rays of ®°Fe (Peacock and Good, 1946 ; Peacock, Evans, Irvine, Good, Kip, 
Weiss, and Gibson, 1946). Most of the tracer investigations of iron metabolism 
have been carried out with the isotope **Fe; in some researches, however, 
59Fe and Fe have been used in the same individual for the labelling of red 
cells of different ages or of different origins. Much of the work with radioiron 
was initiated by P. F. Hahn and G. H. Whipple, and recently Hahn (1948) has 
reviewed the state of our knowledge of iron metabolism as revealed by both 
isotopic and non-isotopic investigations. Here only some of the most important 
features of iron metabolism will be summarized. 

Hahn, Bale, Lawrence, and Whipple (1939) showed with the aid of radioactive 
iron that normal animals absorb very little iron, whereas animals which have 
been depleted of their iron reserves by repeated bleeding absorb appreciable 
quantities of this mineral. In normal dogs a total of only 0-15 to 0-24 per cent. 
of the iron fed was found in the liver, spleen, bone-marrow, plasma, and red 
cells, whereas in anaemic dogs 4-1 to 12-7 per cent. of the radioiron was present 
in these sites, most of it in the red cells. It has been known that the body clings 
tenaciously to its iron by an extremely limited excretion. It has been shown 
further, with the aid of radioactive iron, that the iron liberated from the haemo- 
globin of disintegrated red cells is re-utilized for the formation of new haemo- 
globin (Cruz, Hahn, and Bale, 1942). This fact illustrates further the body’s 
perseverance in maintaining its iron-stores. Thus it seemed that absorption was 
an important limiting factor in maintaining a constant level of iron in the body ; 
if there were an unlimited absorption of iron from dietary intake in the face of 
a small excretion, the body’s iron content might continuously rise, depending 
entirely on the supply. The dependence of iron absorption on the body reserves 
of this element is in strange contrast with the behaviour of other mineral 
elements such as sodium and potassium, which are readily absorbed and readily 
excreted. In order to explain the peculiarity of iron absorption, it had to be 


MEDICAL APPLICATION OF ISOTOPIC TRACERS 107 


postulated that there exists in the body a compound which can combine re- 
versibly with iron. It was suggested by Hahn, Bale, Ross, Balfour, and Whipple 
(1943), and it is now generally accepted, that this compound is ferritin or its 
iron-free form, apoferritin, which can combine stoichiometrically with 23 per 
cent. (by weight) of iron. This substance was isolated first from the spleen of 
horses (Laufberger, 1937), but subsequently its presence was demonstrated in 
the liver, bone-marrow, and other tissues (Granick, 1943), as well as in the 
mucosa of the gastro-intestinal tract (Granick, 1946a). It appears probable 
that ferritin-iron is in equilibrium with the iron bound to plasma-proteins, the 
latter representing probably the most labile stores of iron in the body. It was 
shown by Granick and Hahn (1944) that radioactive ferritin is rapidly formed in 
the liver after the intravenous injection of radioactive ferric ammonium citrate. 
Similarly it was shown that radioactive ferritin was formed in dogs which had 
received a transfusion of red cells labelled with °*Fe, and in which haemolysis 
was produced by treatment with phenylhydrazine (Hahn, Granick, Bale, and 
Michaelis, 1943). On the basis of these and other findings a hypothesis of the 
absorption of iron and of its transport in the body has been developed (see 
Granick, 19466), according to which the ferritin in the mucosa of the gastro- 
intestinal tract holds the key position. The absorption of iron from the intestine 
can occur only through the incorporation of this element into ferritin, the latter 
being in equilibrium with the labile iron-stores of other tissues through the 
mediation of blood-plasma, which contains iron bound to globulin. In a normal 
subject with adequate iron-stores all the ferritin in the mucosa of the gastro- 
intestinal tract is fully saturated with iron, and therefore absorption of iron can- 
not take place. In iron deficiency the labile iron-stores of the body are utilized 
for haemoglobin formation, resulting eventually in a lowered concentration of 
iron in the plasma. When this occurs iron can be released from the ferritin of 
the gastrointestinal mucosa, and this results in the formation of the iron-free 
apoferritin, which can now accept iron from the lumen of the intestine. This 
mechanism may be represented in the following scheme after Granick (19460): 
Iron in Ferritin-iron Plasma-iron Ferritin-iron 
intestinal lumen —> in mucosal cells = bound to globulin = in liver, spleen, and 
bone-marrow 

This hypothesis is in accord with the known experimental facts, as well as 
with clinical observations. It is strengthened by the observation that doses 
of ordinary iron given one to six hours before the administration of radioiron 
inhibit the absorption of the latter, presumably because of a saturation of the 
mucosal ferritin with iron (Hahn, Bale, Ross, Balfour, and Whipple, 1943). 
The hypothesis explains satisfactorily the dependence of the percentage of 
absorption of iron on the doses administered, as well as on the level of body 
reserves or iron. Since in the normal course of events the elimination of iron 
from the body is small, and since the rate of utilization of iron for the formation 
of haem is fairly constant, it might be expected that only small and relatively 
constant amounts of apoferritin would be available to take up iron from the 
intestine, with the result that the total amount of iron absorbed would tend to 
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be constant. Whipple and Robscheit-Robbins (1936) showed that, when iron 
was fed to anaemic dogs in doses of 40 mg. per day, about 35 per cent. of the 
dose was absorbed, or a total amount of 14mg. When the dose was increased to 
400 mg. per day only about 5 per cent. of the dose was utilized, or about 20 mg. 
per day. Several other investigations have been reported which demonstrated 
both in man and in experimental animals the effect of dosage on the percentage 
absorption of iron. In the doses employed clinically, 300 to 350 mg. per day, the 
percentage absorption of iron is probably no more than about 5 per cent., cor- 
responding to about 16 mg. of iron, which is equivalent to about 5 gm. of haemo- 
globin (Hahn, 1948). It is of interest to mention here that London, Shemin, 
West, and Rittenberg (1949) calculated from the incorporation of N into 
haem from N-glycine that in normal human beings 87 to 100 mg. of haemo- 
globin per kg. body-weight are formed per day (compare the section on the use- 
of stable isotopes, page 114). 

Balfour, Hahn, Bale, Pommerenke, and Whipple (1942), with the aid of 
labelled iron, studied the absorption of iron in patients in a variety of conditions. 
They measured the amount of radioactivity appearing in red cells after an oral 
dose of ferric ammonium citrate. Balfour and his associates found that pregnant 
women absorbed two to ten times more iron than non-pregnant women. In 
diseases in which iron-stores are known to be abundant, such as pernicious 
anaemia, haemochromatosis, polycythaemia vera, familial jaundice, and Medi- 
terranean (Cooley’s) anaemia, iron-absorption was normal or less than normal. 
In chronic infections associated with anaemia there was likewise a poor utiliza- 
tion of radioiron for haemoglobin formation. It was shown by Hahn, Bale, and 
Whipple (1946) that the absorption of radioiron was extremely poor in dogs in 
which an abscess had been induced by the injection of turpentine. The amount 
of iron absorbed in some cases was as little as one-tenth of that absorbed before 
the production of inflammation, in spite of the fact that the dogs were anaemic 
and depleted of their iron-stores. Investigations of patients suffering from a 
variety of inflammatory conditions have shown an impaired utilization of iron 
for haemoglobin formation after intravenous injection of 1 mg. of labelled iron 
as ferric ammonium citrate (Gibson and Finch, 1947, quoted by Hahn, 1948). 
It is not clear at present how inflammations and infections interfere with haemo- 
globin formation, but clinical experience bears out these observations, in that 
it is unprofitable to treat anaemias with iron while the inflammatory processes 
are still active. 

It is certain that the radioiron technique has much advanced the knowledge 
of iron metabolism, yet it has some important shortcomings, which if not appre- 
ciated may lead to serious errors in the interpretation of results. It should be 
pointed out that, in the investigations of iron absorption described above, the 
technique employed was essentially that described by Hahn, Bale, Lawrence, 
and Whipple (1939). With this method the amount of radioiron which appears 
in the circulating blood five to seven days after an oral dose of labelled iron is 
measured and, expressed as a percentage of the administered dose, is taken 
as the measure of absorption. It should be emphasized that this method 
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measures only the percentage utilization of absorbed iron for haemoglobin 
formation, since most of the iron in whole blood is represented by haemoglobin- 
iron. On the other hand, haemoglobin-iron constitutes only about three-fifths 
of the body’s total iron. It has already been mentioned that Gibson and Finch 
(1947) showed that in inflammatory conditions there is an impairment of utiliza- 
tion of intravenously injected radioiron for haemoglobin formation. Greenberg, 
Ashenbrucker, Lauritsen, Worth, Humphreys, and Wintrobe (1947) showed 
also with the aid of ®°Fe that in rats, in which inflammation was produced by the 
injection of turpentine, there was an impairment of haemopoiesis, and an in- 
creased deposition of ®°Fe in the liver and spleen, as compared with the control 
animals. Taking a critical view we may therefore assume that iron absorbed 
from the intestine is not necessarily utilized for the formation of haemoglobin, 
but may also be deposited in other iron-stores of the body. The study of iron- 
absorption from the intestine by measuring the amount of radioiron appearing in 
whole blood after an oral dose may therefore be misleading. 

Dubach, Moore, and Minnich (1946) made a critical study of this problem by 
injecting intravenously into patients and dogs a single dose of labelled iron in 
the form of ferrous ascorbate, and then measuring the rate of utilization of the 
labelled iron for haemoglobin formation. It was found that the utilization of 
injected iron for haemoglobin formation was prompt and complete in iron- 
deficient patients with hypochromic anaemia and in iron-deficient dogs, 90 to 
100 per cent. of the injected dose appearing in haemoglobin within six to eight 
days after injection. Utilization by healthy adult men was somewhat slower 
(70 to 90 per cent. in 8 days), but eventually it was almost as complete as that 
found in iron-deficient patients. Normal dogs, on the other hand, did not build 
into haemoglobin more than 35 to 70 per cent. of the injected radioiron. Patients 
with hypoplastic anaemia used less than 4 per cent. of the iron. In patients with 
untreated pernicious anaemia only small amounts of radioiron appeared in the 
red cells; liver therapy produced a prompt rise in the radioactivity of the red 
cells and complete utilization of the injected iron for haemoglobin formation: 
Utilization was poor in patients with fevers caused by infections, even if iron- 
deficiency accompanied the disease. In haemolytic anaemias the amount of 
radioiron in the peripheral blood varied from 10 to 90 per cent. of the injected 
dose. In order to explain some of these results Dubach, Moore, and Minnich 
(1946) postulated that iron recently made available to the body from absorption 
or parenteral administration, or from haemoglobin liberated from destroyed red 
cells, is used for the synthesis of new haemoglobin in preference to iron which 
has been stored in the body for a long time. Gibson, Peacock, Evans, Sack, 
and Aub (1947) showed, by direct measurement in men, that radioactive iron 
liberated from the haemoglobin of disintegrating red cells is utilized for the 
synthesis of new haemoglobin 20 times more efficiently than a corresponding 
dose of radioiron given by mouth. Dubach, Moore, and Minnich (1946) pointed 
out that the radioactive iron method, as described and used by Hahn and his 
collaborators for the study of iron absorption, gives a very nearly true picture 
in normal man and in iron-deficient patients and dogs. However, since the 
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utilization of iron for haemoglobin formation may be seriously impaired in 
a variety of conditions, the results of such studies should be interpreted with 
caution. Dubach, Moore, and Minnich demonstrated, for example, that in un- 
treated pernicious anaemia, in spite of an adequate absorption of radioiron from 
the intestine, only 1 per cent. of the iron appeared in the red cells. Liver therapy 
started on the ninth day after the oral dose of radioiron caused a rise in red-cell 
and haemoglobin levels, and with this rise additional radioiron appeared in the 
red cells, so that eventually more than 20 per cent. of the administered labelled 
iron was present in the circulating haemoglobin. 

There is no simple method available at present with radioiron which would 
give a trustworthy picture of iron-absorption under all conditions. The obvious 
possibilities of improvement in technique that spring to one’s mind are the de- 
termination of unabsorbed iron in the faeces, or in experimental animals the 
incineration of the entire carcass and isolation of iron from the ash for radio- 
active assay. Neither procedure seems very attractive, although Dubach, 
Moore, and Minnich incinerated the entire skeleton of a dog and samples of the 
minced soft tissues of the animal. 


The Use of Erythrocytes Labelled with Radioactive Isotopes as Indicators 

Since radioiron administered to animals and man becomes incorporated into 
the haemoglobin of red cells in a firm chemical combination, it is possible to use 
such labelled cells, prepared in a donor, for the study of a variety of phenomena 
after injection into a recipient. Hahn, Ross, Bale, Balfour, and Whipple (1942) 
described a method for the determination of circulating red-cell volume in dogs 
with the aid of erythrocytes labelled with radioiron. The method principally 
consists of injecting a known volume of radioactive red cells into a recipient, and 
measuring the degree of dilution of radioactivity in the recipient after complete 
mixing has taken place. This technique gives a direct measure of the circulating 
red-cell volume, which was found to be 10-25 per cent. lower than that estimated 
indirectly by dye methods. The method has been applied to the study of circulat- 
ing red-cell volume in man (Gibson, Peacock, Seligman, and Sack, 1946 ; Gibson, 
Weiss, Evans, Peacock, Irvine, Good, and Kip, 1946; Meneely, Wells, and Hahn, 
1947), to the study of shock in dogs (Gibson, Seligman, Peacock, Fine, Aub, and 
Evans, 1947), and to the study of the preservation of blood stored for transfu- 
sion (Ross and Chapin, 1943; Ross, Finch, Peacock, and Sammons, 1947; 
Gibson, Aub, Evans, Peacock, Irvine, and Sack, 1947). 

It has been mentioned earlier that it is possible to use both Fe and *Fe in 
the same individual, and to distinguish between the two isotopes, on account of 
the different character of the radiation emitted by each (Peacock, Evans, Irvine, 
Good, Kip, Weiss, and Gibson, 1946). This technique has been developed and 
used by the group of workers centred around the Radioactivity Center of the 
Massachusetts Institute of Technology. It can be used for a variety of purposes 
when it is desired to study simultaneously the fate of red cells of different origin. 
For example, Gibson, Evans, Aub, Sack, and Peacock (1947), during the study 
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of the survival of stored red cells, labelled with 5*Fe the blood of donors whose 
blood was to be preserved and used for transfusion, and labelled with Fe the 
blood of those whose cells were to be used for determination of the red-cell 
volume of recipients of the *Fe-labelled blood. It was thus possible, after 
injecting both bloods into recipients, to follow the fate of the stored blood by 
measuring *Fe activity and to determine the recipient’s circulating red-cell 
volume by measuring Fe activity. Another ingenious application of this 
double-labelling technique by the same group of workers was the study of the 
survival of red cells of different ages. The principle of this method can be stated 
briefly as follows. When a small dose of radioactive iron such as Fe is injected 
into a healthy person, nearly all this iron will appear in the red cells within a few 
days after the injection, and only the young cells emerging from the bone- 
marrow will be tagged with Fe. Since the mean life-span of human erthrocytes 
is about 120 days, but they begin to disintegrate in significant numbers at the 
age of about 80 days, the age of the labelled red cells will be known quite 
accurately up to about 80 days after the injection of Fe. After this time there 
will be both old and new red cells labelled with **Fe in the circulation, because 
the iron liberated from the haemoglobin of disintegrating red cells is being used 
again for the formation of new haemoglobin (see the previous section). If 
several months are allowed to elapse after the injections, red cells of all ages 
will become labelled. If at such a time the other iron isotope, ®*Fe, is injected, 
the young cells released from the bone-marrow will be labelled primarily with 
59F'e. If such blood be transfused into a recipient, the behaviour of young cells 
as compared with that of a ‘mixed population’ of red cells may be studied in the 
same subject. For details of this double-labelling technique the original papers 
by Gibson and his associates should be consulted (Peacock, Evans, Irvine, Good, 
Kip, Weiss, and Gibson, 1946 ; Gibson, Weiss, Evans, Peacock, Irvine, Good, and 
Kip, 1946; Gibson, Aub, Evans, Peacock, Irvine, and Sack, 1947; Gibson, 
Evans, Aub, Sack, and Peacock, 1947; Gibson, Sack, Evans, and Peacock, 
1947). It is pertinent to mention that with the aid of these techniques accurate 
standards could be laid down for the preservation of human blood stored for 
transfusion purposes, and that the excellent preserving-power of acid citrate- 
dextrose mixture developed by Mollison, Loutit, and Young (Mollison and 
Young, 1941; Mollison and Young, 1942; Loutit, Mollison, and Young, 1943; 
Loutit and Mollison, 1943) was fully confirmed. The use of red cells labelled 
with radioactive iron for the purposes mentioned requires, of course, that the 
labelled cells be prepared in a donor whose blood is compatible with that of the 
recipient. Also, as in all studies with radioisotopes in man, the problem of 
radiation hazard, both to the donor and to the recipient, arises. On account of 
the high utilization of milligram doses of injected iron for haemoglobin forma- 
tion, relatively small radioactive doses are sufficient for the production of ade- 
quately labelled cells. Peacock, Evans, Irvine, Good, Kip, Weiss, and Gibson 
(1946) calculated that the radiation dose from either Fe or *°Fe in the blood 
of their donors, in which the labelled cells were prepared, was not more than 
0-1 roentgen per week, and much less in the rest of the body. The recipients of 
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labelled red cells were exposed to even smaller doses of radiation. At present 
the maximum permissible total body-radiation is set at 0-5 roentgen per week. 
Radioactive phosphorus, *P, also is available for the labelling of erythrocytes. 
Hevesy and his collaborators showed that red cells incubated in vitro in a 
medium containing **P will take up the isotope. Although *P is not bound 
firmly in the red cell as iron is in haemoglobin, it is retained for a sufficiently long 
time to allow the labelled cells to be used for the determination of the volume of 
circulating erythrocytes (Hevesy and Zerahn, 1942; Hevesy, Késter, Sorensen, 
Warburg, and Zerahn, 1944). This method has recently been simplified by 
Reeve and Veall (1949), who have tested their method both in vitro (on known 
volumes of stored blood) and in vivo, with satisfactory results when correction 
is made for *2P lost from the red cells in the circulation. They have shown that 
32P-labelled erythrocytes lose 6 to 7 per cent. of the isotope per hour in the circu- 
lation. The labelling of red cells with **P in vitro has the decided advantage over 
labelling with radioiron, that the blood of the individual whose circulating red- 
cell volume is to be measured is drawn and incubated with the isotope immedi- 
ately before the test is made. The only disadvantage of the method is the 
gradual loss of **P from the cells, so that the measurements have to be made 
within one hour after the injection of the labelled red cells. As with the radio- 
active iron isotopes, the radiation dosage from **P in this test is within permiss- 
ible limits. Reeve and Veall estimated that the total radioactivity injected into 
an adult in one test is about 2 yc. of *2P, and the maximum radiation from this 
amount of isotope in a 70 kg. man would not exceed 0-007 roentgen equivalents 
per day. This method has also been applied to the measurement of red-cell 
volume in newborn infants, with correspondingly smaller doses of 8?P (Mollison, 
Veall, and Cutbush, 1950). 


The Use of Stable Isotopes in Metabolic Studies in Man 
The rare stable natural isotopes of hydrogen, carbon, and nitrogen (7H = D, 
13C, and 15N) have been extensively used, with outstanding results, in the study 
of metabolism in experimental animals. The principle of application of the 
stable isotopes as tracers is identical with that of the radioactive isotopes ; 
only the methods of measurement differ, as already mentioned at the beginning 
of this review. Compared with the radioactive isotopes, the stable isotopes have 
been used in relatively few investigations in man. This is no doubt due to their 
high cost; this fact may be appreciated if it is mentioned that in one experi- 
ment on the turnover of plasma-cholesterol in man (see below) London and 
Rittenberg (1950) used a volume of labelled water equivalent to 1,242 ml. of 
pure D,O, the cost of which, according to prices in this country, is about £171. 
Reference has already been made to the work of Hevesy and Hofer (1934), 
who measured the degree of dilution of a volume of heavy water (D,O) drunk by 
a healthy person, and were thus able to calculate the volume of total body- 
water. Similar investigations have recently been made by Moore (1946) and by 
London and Rittenberg (1950). The latter authors have shown that the absorp- 
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tion of water is complete within 40 minutes after drinking, and that the equili- 
bration of plasma- with tissue-water keeps pace with the absorption. They cal- 
culated that the total body-water in a 22-year-old healthy man weighing 66-7 kg. 
was 47-84 litres or 71-8 per cent. of the body-weight. Moore (1946) likewise 
found the volume of body-water to be 72 per cent. of the body-weight. London 
and Rittenberg pointed out that in these measurements of body-water with 
D,O the total ionizable hydrogen is being measured, including the hydrogen 
atoms of OH, NH,, CONH,, &c.; the hydrogen atoms of water, however, are 
present in an overwhelming proportion. Consequently the values obtained by 
this method for body-water are slightly higher than the true value. London and 
Rittenberg (1950) also measured in the same individual the turnover of plasma- 
cholesterol by continuing the administration of D,O for 44 days. It was shown 
in one of the earliest tracer investigations that after the administration of D,O 
to animals the cholesterol, among other body constituents, becomes labelled 
with deuterium, and that the rate of the increase in the isotope-concentration of 
cholesterol may be used as a measure of the rate of synthesis of cholesterol in the 
body (Rittenberg and Schoenheimer, 1937). By applying the same principle 
London and Rittenberg (1950) showed that the turnover-time of plasma- 
cholesterol in a normal man was about 12 days, and the turnover-rate 546 mg. 
per day. One looks forward with great interest to the extension of these studies 
to pathological conditions such as the xanthomatoses, nephritis, diabetes, and 
thyroid and other diseases, in which changes of cholesterol metabolism occur 
and the fundamental cause of the disturbance is not known. 

One of the most significant discoveries made with the isotopic technique is 
probably that of Shemin and Rittenberg (1945, 1946 a, b), who showed with 
15N-labelled glycine that this aminoacid is one of the building-stones from which 
the body synthesizes the protoporphyrin of haemoglobin. This discovery has 
led to a considerable elucidation by the Columbia workers, and by Muir and 
Neuberger (1949, 1950) in this country, of the biosynthesis of protoporphyrin. 
Shemin and Rittenberg (1945, 1946 a, b) showed that glycine is the nitrogenous 
precursor of protoporphyrin. One of the authors took by mouth 66 gm. of 
glycine labelled with 1°N in the course of three days, and then they observed the 
concentration of *N in the haemin prepared from the red corpuscles. It was 
found that the 5N concentration in the haemin rose steeply, reaching a maxi- 
mum value about 25 days after the labelled glycine was taken, then remained 
practically constant for another 70 days, and then fell along an S-shaped curve. 
The reader is referred to Fig. 1 in the publication by Shemin and Rittenberg 
(19465). The shape of this curve, showing the change with time in the isotope- 
concentration of haemin, is totally different from that found for body consti- 
tuents which continuously regenerate. It is usual to find that the concentration 
of the isotope in such a substance rises during the feeding of its labelled pre- 
cursor, and declines immediately thereafter along an exponential curve. From 
the shape of the isotope-concentration/time curve of haemin it appeared that the 
probability that a haemoglobin molecule may be degraded is a function of its 
age. Since the principle of ‘ageing’ cannot be applied to molecules, another 
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explanation had to be sought to account for the type of curve observed. It is 
now well established that the haemoglobin molecule, laid down during matura- 
tion of the erythrocyte, is not involved in the flux of synthesis and degradation 
like most other body constituents, but remains in the red cell until the cell dis- 
integrates or dies, a phenomenon which adequately explains the characteristics 
of the isotope-concentration/time curves obtained by Shemin and Rittenberg. 
This observation therefore afforded a new method for the measurement of the 
mean life-span of human erythrocytes, and gave in the subject of the experi- 
ment a value of 127 days. The mean life of the erythrocytes is given by the dis- 
tance between the mid-points of the rising and declining portions of the isotope 
(45N)-concentration/time curve. The life-span of human red cells had previously 
been estimated by following the survival of blood-group O cells injected into 
a blood-group A recipient by the agglutination technique of Ashby (Callender, 
Powell, and Witts, 1945). This method yielded a value of 120 days. A similar 
figure was found by Jope (1946), who measured the disappearance of sulphaemo- 
globin from the blood of men who had been exposed to trinitrotoluene. Both 
these non-isotopic methods are in principle labelling techniques, and they 
assume that the life-span of the labelled cells is identical with that of normal 
cells, an assumption which may not necessarily be correct. This criticism does 
not apply to the isotopic tracer technique, the advantage of which is at once 
apparent, since the life of the individual’s own unaltered red cells is being 
measured. 

The Columbia workers were quick to realize the possibilities their discovery 
offered, and extended their investigations to the study of haem synthesis and 
red-cell dynamics in pathological conditions such as untreated and treated 
pernicious anaemia, polycythaemia vera, and sickle-cell anaemia (London, 
Shemin, West, and Rittenberg, 1949). No more can be done here than to give 
a brief summary of this admirable work, which for details should be consulted 
in the original. A further measurement in a healthy adult male yielded 120 days, 
and in a healthy adult female 109 days, as the mean life of circulating erythro- 
cytes. The authors calculated further that the rate of production of circulating 
red-cell haemoglobin in the normal male subject was about 100 mg. of haemo- 
globin per kg. body-weight per day, and in the female 87 mg. per kg. body- 
weight per day, corresponding to the production of 3-45 x 10° red cells per kg. 
per day in the male and 3-00 x 10° red cells per kg. per day in the female. Ina 
female patient suffering from polycythaemia rubra vera they found that the 
shape of the curve of the =N concentration of haemin was nearly identical with 
that of the normal curves, and gave 131 days as the average life-span of the 
erythrocytes, a value which is probably within normal limits. The calculations, 
however, showed that the rate of haemoglobin and red-cell formation was about 
2-5 times the normal value. Polycythaemia vera, in its fully developed form, is 
therefore characterized by an abnormally high rate of haematopoiesis and a 
normal life-span of the red cells. In sickle-cell anaemia the isotope-concentra- 
tion in the haemin rose rapidly to a peak on the seventh day after the administra- 
tion of the 5N-labelled glycine, and immediately began to fall. The analysis of 
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the curve led to the conclusion that in sickle-cell anaemia the red cells are de- 
stroyed at random, independently of their age, and therefore that their survival 
cannot be described properly by a ‘mean life’. London, Shemin, West, and 
Rittenberg (1949) designated the survival-time of these red cells in terms of 
their half-life, which was found to be 29 days. An earlier measurement of the 
life of sickle-cells by a modified Ashby technique (Callender and Nickel, 1947) 
is in accord with the idea that these cells are destroyed at random, and not as a 
function of their age. London, Shemin, West, and Rittenberg calculated that 
in their patient with sickle-cell anaemia the rate of haemoglobin formation was 
279 mg., and the rate of red-cell production 9-96 x 10° red cells, per kg. body- 
weight per day. It is of interest to mention that London, Shemin, and Ritten- 
berg (1948) showed that sickle-cells synthesize in vitro small but significant 
amounts of 15N-labelled haem from 15N-glycine. Such synthesis could not be 
demonstrated with normal human red cells. In a case of untreated pernicious 
- anaemia the results indicated that in this condition the red-cell population is 
mixed, many of the red cells being destroyed indiscriminately, and others as a 
function of their age. The mean survival of the mixed population of cells was 
derived as 85 days. The rate of haemoglobin formation was 78-6 per cent., and 
the rate of red-cell production about one-half, of the normal. After treatment 
with liver extract for one year the test was repeated, and it was found that the 
erythrocytes now behaved as in a normal individual and had a mean life of 
129 days. 

The finding that glycine acts as a precursor in the biological synthesis of 
protoporphyrin offered the further possibility of investigating porphyrin forma- 
tion in congenital porphyria with 5N-labelled glycine, and also of studying the 
metabolism of other pyrrole derivatives such as bile-pigment. The full reports 
of such studies were published almost simultaneously from the U.S.A. and from 
Great Britain (London, West, Shemin, and Rittenberg, 1950 a, b; London and 
West, 1950; London, 1950; Neuberger, Muir, and Gray, 1950; Gray and Neu- 
berger, 1950; Gray, Neuberger, and Sneath, 1950; Gray, Muir, and Neuberger, 
1950). All these investigations have thrown new light on the origin of bile- 
pigment, which was thought until now to be derived largely, if not entirely, 
from haemoglobin. It has been found that stercobilin in man is derived in signi- 
ficant amounts from sources other than haemoglobin in normal and in porphyric 
individuals (London, West, Shemin, and Rittenberg, 1950 a, b; Gray, Neuber- 
ger, and Sneath, 1950), as well as in patients with pernicious anaemia (London 
and West, 1950). It has also been shown that °N-labelled glycine is utilized for 
the synthesis of porphyrins which are related to the aetioporphyrin-I configura- 
tion and are formed in congenital porphyria (uroporphyrin I and coproporphyrin 
I), and that the synthesis and degradation of these porphyrins in porphyria is 
very rapid (London, West, Shemin, and Rittenberg, 1950b; Gray and Neuber- 
ger, 1950). Gray, Muir, and Neuberger (1950) found evidence of haemolytic 
anaemia at one time in their case of porphyria, although several months after 
this observation, in a second experiment on the same individual, the haemo- 
lysis could not be demonstrated. These authors suggested that in congenital 
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porphyria the excessive excretion of the Type I porphyrins is associated with a 
disturbance of blood formation, leading to increased breakdown of haem in the 
bone-marrow and possibly also in the circulating blood. London, West, Shemin, 
and Rittenberg (1950b) found no evidence of an abnormal red-cell destruction 
in their case of congenital porphyria. It is significant that according to London, 
West, Shemin, and Rittenberg (1950b) coproporphyrin I and uroporphyrin I 
had a turnover-time of five and nine days respectively. The isotope-concentra- 
tion of these substances was of the same order of magnitude as that of the newly 
formed haem, or more than 10 times greater than the isotope-concentration of 
the total circulating haem. In other words, the type I porphyrins were probably 
synthesized from the same metabolic pool of glycine as the haem of the red cells. 
It therefore seems likely that congenital porphyria is connected with an error 
of the early stages of haemopoiesis, and not with an abnormal destruction of 
circulating erythrocytes. While it cannot be said that these investigations com- 
pletely explained the basis of the metabolic disorder in congenital porphyria, 
nevertheless much has been done towards this goal. 

Work is being carried out now at the Columbia University by Rittenberg and 
his collaborators with *N-labelled aminoacids on protein metabolism in man. 
The method developed for this purpose has recently been reported by Ritten- 
berg (1951) at a conference held at the Ciba Foundation in London. It is 
probable that the new technique will disclose valuable information concerning 
the dynamics of protein metabolism in man in a variety of conditions. 


Comment 

The subjects dealt with in the present review do not cover all the fields of 
medicine in which isotopic tracers have been employed; only selected topics 
have been discussed. It is impossible to do justice to the rising volume of re- 
search with isotopic tracers within the limits of a reasonable-sized review. It 
happens al-o that isotopic tracers may be used in many more branches of bio- 
logical science than any other experimental tool so far invented. The past 15 
years have amply demonstrated the value of isotopes as indicators in biological 
investigations. It is becoming now almost a cliché to say that isotopic tracers 
have made possible the study of processes which could not be approached by 
any other existing technique. Nevertheless the use of isotopes has its limitations, 
which must be appreciated in order to avoid erroneous conclusions from an 
experiment. Although only a limited field of the medical application of isotopic 
tracers has been examined in this review, it seems appropriate to conclude, on 
the basis of the evidence presented, that the use of isotopes has increased our 
knowledge of metabolic processes both in health and in disease and has provided 
new diagnostic measures, and that the use of radioactive isotopes has proved 
valuable in the treatment of a few diseases. 

The use of radioactive isotopes involves hazards which must be appreciated. 
These may arise during handling of radioactive materials or from their ingestion, 
inhalation, or absorption through the body-surface. To the patient the danger 
arises from the deposition of active material in the body. Many years will go by 
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before the long-term effects of non-destructive doses of radiation can be fully 
evaluated, but the gravest dangers appear to be carcinogenesis and the produc- 
tion of undesirable mutations of genesin cells of reproduction. Careful judgement 
is therefore required before a decision is made to administer a radioactive isotope 
to a patient either for therapeutic purposes or for tracer investigations. In the 
United Kingdom the Medical Research Council has set out in an Introductory 
Manual its recommendations for the control of health hazards from radioactive 
materials (Medical Research Council, 1949). Furthermore, proposals to use 
radioactive isotopes clinically in the United Kingdom have to be reported to a 
Clinical Advisory Panel, and radioactive isotopes are issued only after the Panel 
has scrutinized and approved the project. The M.R.C. Committee on Protec- 
tion, on the basis of experience gained with X-rays, ‘has recommended the 
adoption of 0-5 roentgen per week as the maximum permissible dose for whole- 
body exposure to X- or gamma-radiation. No individual should knowingly be 
exposed to a greater quantity of X-ray or gamma-radiation or to the equivalent 
quantity, 0-5 rep [roentgen equivalent physical], of beta-radiation in one week. 
No tissue or organ of the body should receive more than 0-5 rep per week of 
beta- or gamma-radiation (except for the hands which may receive up to 1-5 rep 
per week)’.. The Committee advises, moreover, that the exposure to radiation 
should be kept well below the limiting value. The problems of protection against 
radiation are set out in great detail by Parker (1948). The radiation dose to any 
tissue or organ depends on the concentration of the isotope in the tissues, its rate 
of elimination from the tissues, and its physical characteristics (half-life, energy, 
and type of radiation emitted). It follows from these considerations that in the 
case of a radioactive element which has a long half-life, and which is retained 
for long periods in an organ, the investigator will find it extremely difficult to 
find a small enough dose of the isotope which will be of practical value. Thus 14C, 
which is perhaps one of the most useful of the isotopic tracers for metabolic and 
generally biochemical investigations, has a half-life of 5,700 years, and emits 
a B-ray of 0-15 Mev. energy. On account of this weak radiation all the energy of 
nuclear disintegration will be dissipated within a few mm. of tissue. There is as 
yet much uncertainty about the distribution and retention in the body of 14C 
from a given labelled substance. For this reason this isotope has hardly been 
used in man, although extensive investigations have been made with it in 
laboratory animals. In the United States the Atomic Energy Commission has 
approved the administration of 200 yc. of C (incorporated in bicarbonate, 
acetate, or glycine) to patients whose expectation of life is short (see Hellman, 
Peacock, Eidinoff, Rosenfeld, and Gallagher, 1951). The Medical Research 
Council in this country is now preparing recommendations for permissible doses 
of 44C to man. These recommendations are being based on published work on 
experimental animals. One may expect with confidence that further valuable 
information may be obtained on the metabolism of patients by the judicious 
use of this isotope. 
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THE BENZIDINE TEST FOR OCCULT BLOOD IN FAECES?! 


By C. D. NEEDHAM anp R. G. SIMPSON 
(From the Royal Infirmary and Woodend Hospital, Aberdeen) 


Various types of ulcerative lesions of the digestive tract are encountered in 
clinical practice, but they often elude diagnosis until the disease has progressed 
to a late stage. In some cases clinical evidence may not appear to provide 
sufficient grounds to warrant radiological examination, and in others the suspi- 
cion of organic disease is aroused, but radiological studies give negative or 
inconclusive results. In spite of help which may be obtained from further 
special investigations, particularly from endoscopic methods, there remain 
many cases in which some additional diagnostic aid is desirable. The possibility 
that actively progressive lesions of the alimentary tract may betray their 
presence by causing small amounts of blood to appear in the stool has been 
considered for many years. Leech (1907) stated that Kércezynski and Jaworski 
(1886) suggested the prussian blue reaction as a chemical test for detecting very 
small amounts of blood in faeces, though it appears that Boas (1901) was the 
first to use the expression ‘occult bleeding’, stressing the value of its detection 
in the diagnosis of carcinoma of the alimentary tract. Since then various 
chemical tests have been suggested and used in clinical practice, the benzidine 
and guaiac tests being the most popular in this country. 

A practical form of the now commonly used guaiac test had been described 
by Weber (1893), but Adler and Adler (1904) were among the first to employ 
the benzidine reaction in testing for occult blood in faeces. This type of benzi- 
dine test, which requires a concentrated or saturated solution of benzidine in 
glacial acetic acid and hydrogen peroxide, has with minor modifications been 
widely used since that time, and is still the one most frequently advocated 
(Bell, 1923; Burger, 1934; Marshall, 1938; Murphy, 1939; Johnson and Oliver, 
1941; French and Douthwaite, 1945; Harrison, 1947; Hawk, Oser, and Sum- 
merson, 1947; Gradwohl, 1948; Lambie and Armytage, 1948; Kolmer, 1949; 
Stewart and Dunlop, 1949). Gregersen (1919) realized that the usual form of 
the test was too sensitive for clinical use, because the faeces from healthy 
_ people frequently gave a positive result. He clearly demonstrated that the 
sensitivity of the test depended on the concentration of benzidine in the test 
solution, an 8 per cent. solution detecting 1 : 20,000 and a 0-5 per cent. solution 
1: 500 blood in faeces. He concluded that a powder containing one part 
of benzidine to four parts of barium peroxide, made up in 50 per cent. 
acetic acid to yield a 0-5 per cent. solution of benzidine, and applied direct to 
faeces on a glass slide, provided the most suitable test, because it would detect 

1 Received July 4, 1951. 
Quarterly Journal of Medicine, New Series XXI, No. 82, April 1952. K 
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clinically significant amounts of blood but would not react to the minimal 
amounts of blood present in some normal faeces. This modification of the 
benzidine test is described as an additional method by Harrison (1947) and by 
-Kolmer (1949), and is preferred by some other authors (Aaron, 1924; Ogilvie, 
1927; Alvarez and Wight, 1929; Stitt, Clough, and Clough, 1939; Kirschen, 
Sorter, and Necheles, 1942; Bockus, 1944; Todd, Sanford, and Stilwell, 1948; 
Hutchison and Hunter, 1949). 

So many modifications of the benzidine test have been described that there is 
obviously a wide divergence of opinion, not only as to the best method of carry- 
ing out the test, but as to its clinical application and interpretation. It appears 
that insufficient attention has been directed to the desiderata of a test the func- 
tion of which is to detect occult blood in faeces. We suggest that the essential 
requirements of such a test are as follows. 

1. Its sensitivity must be standardized, and must be sufficient to detect 
clinically significant amounts of blood, but not so great as to react to the 
minute traces of blood that may be present in normal stools. 

2. The test should not be affected by taking an ordinary diet or commonly 
used medicines. There persists a widespread belief that foodstuffs containing 
chlorophyll (Bell, 1923 ; Aaron, 1924; Rosenthal, 1940; French and Douthwaite, 
1945; Gradwohl, 1948; Hutchison and Hunter, 1949; Savill, 1950) and medi- 
cines containing iron (Bell, 1923; Burger, 1934; Lambie and Armytage, 1948; 
Hutchison and Hunter, 1949; Stewart and Dunlop, 1949; Price, 1950) will give 
rise to false positive reactions with the stool benzidine test, although this has 
been denied by other authors (Adler, 1921; Abrahams, 1923; Ogilvie, 1927; 
Schwartz and Vil, 1947; Todd, Sanford, and Stilwell, 1948). It is also usually 
advised that meat should be excluded from the diet for three or four days 
before collecting the faeces for the benzidine test. Although some authors 
(Ogilvie, 1927; Alvarez and Wight, 1929; Johnson and Oliver, 1941; Schwartz 
and Vil, 1947; and Todd, Sanford, and Stilwell, 1948) have stated that previous 
dietary restrictions are not necessary if the Gregersen type of test is used, we 
have been unable to find any adequate body of evidence to establish this claim. 
It appears to be true that meat in the diet may often cause a positive result 
when tests with a concentrated solution of benzidine are used (White, 1909; 
Hektoen, Fantus, and Portis, 1919; Bell, 1923; Bramkamp, 1929; Kiefer, 1934; 
Hoerr, Bliss, and Kauffman, 1949), and this is not very surprising, since Abra- 
hams (1923) and Bell (1923) both showed that as little as 1 ml. of blood taken 
by mouth could cause a positive stool reaction. The consequent dietary restric- 
tion which must be imposed renders the test of very limited value, since it can- 
not be used in the out-patient department, and even in the wards it is scarcely 
practicable as a daily procedure for diagnostic purposes. 

3. A minimum of apparatus should be required, and it should be possible to 
carry out the test quickly and easily in the test-room of the ward or out-patient 
department, using faeces either from a specimen-container or from a rectal 
glove-finger smeared on white absorbent paper. Any test which is complicated 
or time-consuming will not be done frequently, and so will not be used as a 
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routine either in the out-patient department or on serial specimens from 
selected patients in the ward. 

4. The test should be reasonably inoffensive and hygienic ; a procedure which 
involves the transference of a piece of faeces to a test-tube, the addition of 
water, and boiling, followed by the pouring of some of the faecal suspension 
into another test-tube and its subsequent disposal, is necessarily objectionable. 

For several years there has been in general use in the wards of the Aberdeen 
Royal Infirmary the modification of the Gregersen (1919) test which is described 
in the next section of this paper. This test is a clean and simple procedure 
requiring a minimum of equipment, and the present investigation is designed 
to decide whether its sensitivity is such that it will detect clinically significant 
amounts of blood in faeces, but will avoid giving false positive reactions when 
patients are taking ordinary diets or iron-containing medicines. 


The Present Investigation 

The modified Gregersen benzidine test used throughout the present investiga- 
tion has been carried out as follows.’ Individual powders wrapped in wax paper, 
each consisting of a finely divided mixture of benzidine hydrochloride 25 mg. 
and barium peroxide 200 mg., are dispensed or bought ready prepared.2 A 
powder prepared in this way will retain its potency for more than a year, and 
all that is necessary to make up the test solution is to shake up one of the 
powders in 5 ml. of glacial acetic acid in a clean test-tube, thus obtaining a 0-5 
per cent. solution of benzidine hydrochloride. Then either the examining finger 
of a rectal glove or a clean orange-stick dipped in a faecal specimen is smeared 
on white filter-paper, and a little of the benzidine solution is poured over the 
smear. A blue colour appears if the faeces contain blood. The blue colour may 
not be apparent in a dark brown or black faecal smear, but then the white 
paper serves as a very efficient background as the blue or blue-green colour 
spreads out from the smear into the surrounding white paper. The resulting 
colour reactions have been graded and interpreted in the following manner: 


Positive (++): a deep blue colour, appearing within 15 seconds. 
Weakly positive (+): a greenish-blue colour, appearing within 30 seconds. 
Negative (N): no coloration appearing within 30 seconds. 

The investigations undertaken in the present study may be grouped under 
three main headings: they concern the sensitivity of the test, its selective 
properties, and its routine use in the out-patient department. 

The sensitivity of the test. 1. Serial dilutions of normal blood in water and in 
faeces were tested, and the results are shown in Table I. The aqueous solutions 
were poured on to white filter-paper and the test solution added. The procedure 
for the faecal dilutions requires further explanation. Three separate specimens 
of benzidine-negative stools of medium brown colour and of average consistency 
were each weighed out in six exact 0-5 gm. amounts on watch-glasses. Into 


* These powders may be bought ready prepared from Messrs. Allen and Hanbury. 
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these portions there was intimately mixed 0-5 ml. of oxalated normal blood in 
serial aqueous dilutions, so that for each stool a series of faecal emulsions was 
obtained containing 2 per cent. (1: 50), 1 per cent. (1: 100), 0-5 per cent. (1:200), 
0-2 per cent. (1:500), 0-1 per cent. (1: 1,000), and 0-05 per cent. (1: 2,000) 
respectively of whole blood. The test was then carried out in the usual manner 


TABLE I 
The Modified Gregersen Test: Ranges of Sensitivity to Blood in Graded Dilutions 
in Water and in Faeces 
Serial dilutions of blood 
Natureof - A 
diluent 1:50 1:100 1: 200 1: 500 1: 1,000 1: 2,000 1: 10,000 1: 50,000 1: 100,000 1: 500,000 
Tap water + + +to+ + N N 
Faeces: 
Sample I + ad 
SampleII + 
Sample III. + 


on each of the faecal emulsions. The test was found to be sensitive up to ap- 
proximately 0-2 per cent. (1 : 500) of blood in faeces. 

2. After the establishment of the in vitro sensitivity of the test, it was neces- 
sary to determine the smallest quantity of blood which must usually be intro- 
duced into the stomach in order to produce a positively-reacting stool. Seven- 
teen ward patients were studied in this way, only those subjects being chosen 
in whom potential sources of spontaneous bleeding into the alimentary tract 
could be reasonably excluded. It was found particularly important to inquire 
and examine for recent epistaxis, bleeding gums, haemorrhoids, and anal 
fissures. In women the dates of menstruation had to be taken into account. 
From each of the patients selected for the study a representative sample of 
every stool that was passed was saved in a waxed carton, the date and time 
being noted on each. All subjects continued their accustomed—usually full— 
hospital diets, but were not allowed to have liver or black puddings.*? Brushing 
of the teeth was forbidden, because many hospital patients have easily-bleeding 
gums. As soon as consistently negative stools had been obtained for four 
consecutive days, a measured quantity of blood, freshly obtained from the 
patient’s arm and diluted with 5 to 10 ml. of normal saline, was injected into 
the stomach through a Ryle’s tube which had been swallowed immediately 
beforehand. Care was taken to apply only the gentlest aspiration in making 
certain that the tube was in the stomach. The blood was followed by a further 
10 ml. of normal saline in order to ensure complete emptying of the tube, which 
was then withdrawn. No further blood was given until the patient’s stool 
benzidine reaction had reverted to negative, and had remained so for at least 
four days after the previous feeding of blood. The results of this part of the 
investigation are shown in Table II. It was unfortunately not possible to do a 
full series of tests on each patient, but the results seem to show that 3 to 5 ml. 
of blood is necessary to cause a positive (+) reaction. 


8 Blood constitutes one-third to one-quarter by weight of a black pudding, each 
pudding weighing approximately five ounces. 
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The selective properties of the test. The next group of experiments was designed 
to show whether there are substances other than blood which, when taken by 
mouth, can cause a positive benzidine reaction in the stool. The types of sub- 
stances investigated were (1) certain medicinal preparations of iron salts, and 
(2) a wide variety of common foodstuffs. 


TaBLeE IT 

Results of Stool Benzidine Tests in 17 Patients after Intragastric Administration 

of Measured Quantities of Blood* 

Quantities of blood given by 

Ryle’s tube 
2ml. 3ml. Sml. 110ml. 15 ml. 

N + 
& + 


N 
4. 


N 
+ 
+ 
+ 
+ 
+ 
+ 
+ 


* Each symbol in the Table signifies the maximum strength of the stool benzidine 
reaction during a period of four days after each separate administration of blood. 


1. Using both the modified Gregersen test and the more commonly used type 
of benzidine test, we examined the following substances: 

A. Iron and ammonium citrate: (i) a standard ward mixture containing 
30 grains to the fluid ounce, both with and without the addition of 50 per cent. 
v/v of N/10 HCl; (ii) a thick emulsion of blood-free faeces in the standard ward 
mixture. No positive result was obtained. 

B. Pil. ferrous sulphate, 3 grains: (i) the whole pill crushed; (ii) the green 
coating crushed ; (iii) the inner portion crushed. No positive result was obtained. 

C. Stools containing iron. We examined a series of stool specimens from 
each of five subjects, of whom three had been taking iron and ammonium citrate, 
60 grains daily, and the other two pil. ferrous sulphate, 9 to 18 grains daily, for 
at least 10 days before the experiment began. Although in every instance the 
stools were dark-grey or black, a positive benzidine reaction was never obtained. 
The muddy discoloration imparted to the benzidine solution in the usual form 
of the test should not be mistaken for a true positive colour reaction. 

2. Using the modified Gregersen test, we examined the possible effect of 
dietary constituents on the stool benzidine reaction. 

A. Random samples of various items of hospital food were crushed and 


3 N + N.. 

8 

12 
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rubbed on white filter-papers and tested in the usual manner. The results 
obtained were as follows. 
(i) Positive (+): black pudding, raw or fried ; liver, raw or fried ; roast mut- 


TABLE IIT 


Results of Study of 187 Consecutive Out-Patients who had Eaten Meat during 
Preceding Three Days 
Numbers of patients 
Stool Potential No apparent Not followed 
benzidine *sourceof cause for 
test bleeding bleeding 
rs 49 
ste 20 6 
N 18 67 
Totals 87 80 


* Including conditions listed under Group A and Group B, Table IV. 
¢ This number includes four who had eaten black pudding and one other who had eaten 
approximately 4 ounces of fried liver. 


Negative (N)=105 


Total number of 


cases = 187 No apparent cause 
for bleeding 


No apparent cause for 
bleeding, but positive test . 
Positive (*)=56 explained on dietary grounds 


Potential source of 


bleeding present 
49 oe 8 / Not Followed to 


6 Final diagnosis 
NE 


Fic. 1. Analysis of results of the benzidine test in 187 patients who had 

eaten meat. The positive results explained on dietary grounds occurred in 

the faeces of four patients who had eaten black pudding and of another who 
had eaten approximately four ounces of fried liver. 


ton; meat stew; rabbit, stewed; chicken, boiled; fish, fried or boiled; tinned 
luncheon meat; turnip, raw; potato, raw. 

(ii) Weakly positive (+): green peas, boiled ; lettuce, raw; tripe, jellied. 

(iii) Negative (N): turnip, boiled and mashed; potato, boiled or roasted ; 
carrot, raw or boiled; tomato, raw; cabbage, raw or boiled; spinach, tinned ; 
kale, raw or boiled; onion, raw; meat and vegetable broth; various brands of 
meat extract, including oxo and bovril; lemon juice ; orange juice; apples, raw 
or stewed ; prunes, stewed ; egg custard ; curds and whey ; egg white; egg yolk; 
milk ; cheese ; chutney ; red-currant jelly ; infusion of tea ; coffee, essence, powder, 
or grounds ; cocoa powder. 


_ 
“ee 
ae 
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B. The above results, together with the fact that the patients in the blood- 
feeding experiment were taking normal diet throughout prolonged periods of 
daily observation, suggested that foodstuffs other than liver and black pudding, 


TaBLE IV 
Results of Stool Benzidine Test performed on 603 Out-patients 
Number : of cases 
Stool benzidine results 


Group A: 

- Chronic duodenal ulcer 

. Chronic gastric ulcer . 

. Clinical duodenal ulcer (barium meal X-ray negative) 
. Gastric cancer . 

. Oesophageal (peptic) ulcer or hiatal hernia 
Oesophageal cancer 

Pancreatic cancer 

Non-specific colitis 

. Diverticulitis 

. Colonic cancer 


. Other organic conditions (including bleeding ums, 
haemorrhoids, and anal fissure) . 


Total, Group A . 


Group B: 
1. Hepatic cirrhosis . 
2. Congestive heart failure 
3. Pernicious anaemia 


Total, Group B . 
Group C: 


. Vague dyspepsia (results of investigations negative) 
. Diseases of liver and bile-passages ee — 
cirrhosis) 1l 
. Respiratory tract disorders . “ 34 
. Cardiovascular disorders seapitain congestive heart 
failure) . 11 
Locomotor disorders . = 46 3 
. Anxiety neuroses and psychoneuroses 21 
. Unclassified sundry conditions . ‘ 67 12 


Total, Group C . : 267 *18 10 


Grand Total 603 149 


* This figure includes six patients _ had “ime black selina, and one other who had 
eaten approximately four ounces of fried liver. 


when eaten in customary quantities, were unlikely to exert a significant effect 
on the stool benzidine reaction. We therefore fed five ward patients with 
measured quantities of liver and of black pudding, applying the same rigid 
precautions as in the blood-feeding experiments. A positive (+) reaction was 
obtained from the stools of all five patients after they had eaten two black 
puddings, one black pudding, eight ounces, five ounces, and three ounces of 
fried liver respectively. 


Totals + ok N 
151 64 22 65 
24 10 2 12 
62 16 5 41 
20 10 5 5 . 
6 4 2 ae 
1 
1 1 
8 5 2 1 
a 2 4 
1 1 
27 ll 6 10 
1 43 
2 
10 
3 12 
4 33 
5 
ll 
19 
7 
8 20 
9 48 
230 = 
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C. A random series of patients attending the medical out-patient department 
were asked whether they had eaten any meat in the previous three days. The 
stool benzidine results of the 187 who had eaten meat were recorded, and all 
except 20 of the patients were followed to final diagnosis. The results are 
summarized in Table III and in Fig. 1. In only 13 of the 187 patients was a 
positive reaction of any degree obtained in the absence of a proved source of 


Negative (N)= 393 


Total number of 
cases = 603 


No apparent cause 
for bleeding 


; No apparent cause for 
ESS bleeding, bul positive test 
explained on dietary grounds 


Positive (+)=149 
1] 


"4 Weakly 
//, (t)=6) 
VA / VA Z 


Fic. 2. Analysis of results of the benzidine test in 603 patients. The positive 

' results explained on dietary grounds occurred in the faeces of six patients who 

had eaten black pudding and of another who had eaten approximately four 
ounces of fried liver. 


Potential source of 
bleeding present 


bleeding. Of these 13 subjects, five out of the seven who gave a positive (+) 
reaction had eaten black pudding or liver the previous day. 

The routine use of the test in the out-patient department. In order to evaluate 
the usefulness and limitations of the modified Gregersen test for occult blood in 
clinical practice, we have analysed the medical records of 603 out-patients 
whose stools we have tested during the past two years. In every instance the 
faecal smear was made direct from the gloved finger used in the rectal examina- 
tion, and was tested immediately by the method we have described. The stool 
benzidine results together with the final diagnoses are set out in Table IV and 
Fig. 2. For the sake both of clarity and of economy of space we have classified 
diagnoses under system groups. The results show that a high proportion of 
positive (+) results was explained by the presence of alimentary tract lesions. 
Of the remaining 26 positive (+-) results seven could be explained on dietary 
grounds, and eight others were found in the stools of patients suffering from 
the conditions listed in Group B (Table IV) which appear to be liable to cause 
alimentary bleeding. Thus of 603 stool examinations 149 gave positive (+) 
results, and of these only 11 (one in every 13 or 14) appeared to have no clinical 


significance. 


239 
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Discussion 

The modified Gregersen test used in this investigation is a simple procedure, 
not requiring special laboratory facilities. The use of white filter-paper for the 
faecal smear has a double advantage over mixing on a glass slide in that the 
colour change spreading into the white background is very easily seen and, the 
paper being expendable, there is no risk of faeca] contamination in its disposal. 
Whether glacial acetic acid or 50 per cent. acetic acid is used probably makes 
very little difference. It is not, however, as a convenient second best that we 
advocate the modified Gregersen test, but as a method superior to the more 
usual form of the benzidine test by reason of its standardized concentration of 
benzidine, nicely balanced sensitivity, ready availability, and cleanliness. Much 
of the confusion still evident in current literature concerning the necessity or 
otherwise of dietary restriction prior to testing the faeces is due to the still 
prevalent use of the more usual and over-sensitive type of benzidine test. Even 
with this method it is difficult to see how a positive faecal reaction could be 
caused by the ingestion of chlorophyll-containing foods or of medicines con- 
taining iron salts, since these substances do not yield a positive result even 
when subjected to direct testing. We believe that the amount of meat taken in 
the ordinary diet will seldom cause false positive reactions when the modified 
Gregersen test is used, because (1) the patients used for studying the effect of 
feeding varying amounts of blood were given ordinary ward diet throughout 
the period of the tests, but their faeces gave consistently negative results until 
blood had been administered ; (2) we found it necessary to feed patients with 
rather large amounts of meat rich in blood (liver and black pudding) before the 
faeces gave a positive reaction ; (3) the evidence from the out-patient series as 
a whole (Table IV) and in particular from the 187 cases in which the previous 
diet was reviewed in detail (Table III) suggests that eating meat seldom 
accounted for a positive reaction. The next question that arises is whether this 
modified Gregersen test is sufficiently sensitive to detect clinically significant 
alimentary bleeding. Our findings regarding the in vitro sensitivity of the 
modified Gregersen test (Table I) are in substantial agreement with those of 
Gregersen himself (1919), who considered it to be sensitive enough for clinical 
use. Other observers (Abrahams, 1923; Bell, 1923) have shown that the usual 
form of the benzidine test becomes positive after feeding 0-5 to 1 ml. of blood, 
but we found, using the modified Gregersen test, that at least 3 ml. of blood 
was needed to produce a positive reaction (Table II). In spite of this lesser 
degree of sensitivity of the modified Gregersen test, the results with out- 
patients, listed in Table IV, suggest that it is sensitive enough to detect clini- 
cally significant bleeding in most instances where it is occurring. Furthermore, 
experience with routine daily testing in the wards has shown that, when 
each patient’s results are considered as a series, the test is more informative 
than when used on a single stool specimen, because one is not misled by the 
occasional positive result in an otherwise negative series, or vice versa. Repeated 
stool tests—or stool series—are practicable only when a simple form of benzidine 
test is used. ‘ 
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We do not wish to suggest that this is an infallible screening test for organic 
disease of the alimentary tract, Even ulcerating lesions may bleed only inter- 
mittently, and it is probable that blood arising from a lesion, particularly in 
the more proximal alimentary tract, may be sufficiently altered before it 
reaches the stool to render it incapable of giving a positive benzidine reaction. 
That destruction of blood does occur in its passage through the gastro-intestinal 
tract is suggested by the work of Andrews and Oliver-Gonzalez (1942) who fed 
approximately two ounces of calf blood to each of four subjects, and found by 
a quantitative method that only 30 to 85 per cent. of the blood was passed in 
the faeces. This fact, coupled with the relative insensitivity of the test for 
blood diluted in faeces as opposed to water (Table I), probably explains why 
we had to feed rather large amounts of blood in order to obtain a positive 
benzidine reaction in the stool (Table II). The single examination possible in 
the out-patient department inevitably gives some positive results which remain 
unexplained after fuller investigation (one in every 13 or 14 in our series). 
This error is largely excluded in in-patient studies by repeated tests, but it 
appears that the routine use of the test in out-patient practice will, with the 
minimum of labour and expense, give considerable help in the diagnosis of 
gastro-intestinal disorders, provided that one takes care to exclude the presence 
of bleeding from the nose, the gums, haemorrhoids, anal fissure, and menstrua- 
tion. It is concluded that the modified Gregersen test can give useful informa- 
tion in out-patient as well as in-patient work if interpreted in conjunction with 
all the other available evidence. 
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Summary 

1. The literature relating to the development of the benzidine test is briefly 
reviewed. 

2. The desirable properties of a test for small quantities of blood in faeces 
are considered. 

3. Some of the limitations of the benzidine reaction as usually employed are 
discussed. 

4. A modification of the Gregersen type of stool benzidine test is described. 

5. In vitro experiments and clinical investigations designed to explore the 
suitability of this test for clinical use are described. 

6. It is concluded that this modification of the benzidine test offers significant 
advantages over other forms of the test, and will yield useful information when 
used in either out-patient or in-patient practice. 
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SOME ASPECTS OF THE NATURAL HISTORY OF 
DISSEMINATED SCLEROSIS?! 


PART I. THE INCIDENCE, COURSE, AND PROGNOSIS 


PART II. FACTORS AFFECTING THE ONSET AND COURSE 


By DOUGLAS McALPINE AND NIGEL COMPSTON 
(From the Department for Nervous Diseases, Middlesex Hospital, London) 


PART I. THE INCIDENCE, COURSE, AND PROGNOSIS 


A CLINICAL study of disseminated sclerosis was begun in April 1948. Between 
this date and September 1950 the case reports of 840 patients were examined. 
These were the records of patients who had attended the Middlesex Hospital 
since 1930 (651 cases), private patients of one of us (127 cases), a small number 
of patients seen at the Maida Vale Hospital for Nervous Diseases (20 cases), 
and 42 patients who had been seen through the courtesy of the Ministry of 
Pensions. We have been successful in tracing 675 of these cases by means of a 
letter to the doctor or to the patient, or to both. The following are the categories 
into which our material falls: 
Traced: Dead ‘ ‘ ‘ ‘ . 178 
alive ‘ . 468 
subsequently died . 


Reinterviewed and examined: 
Untraced 


840 


Among the group of 475 patients interviewed and examined, 250 form a 
consecutive series of patients seen for the first time by us between April 1948 and 
September 1950; 163 were in-patients of the hospital. The groups will be 
referred to as follows: 

Group A. Total series of 840 patients. 

Group B. Patients traced, 675. 

Group C. Patients seen and re-examined between April 1948 and September 

1950, 475. 

Group D. 250 patients subjected to special inquiry. 

The first part of this paper is largely based upon the 475 patients in Group C, 
the majority of whom were seen twice a year during the period of study. At the 
first interview the history was checked and brought up to date, and subsequently 
fresh developments and any correction or omission in the previous history were 


noted. 
1 Received August 31, 1951. 
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Incidence in the United Kingdom 


Only a few limited surveys of the incidence of disseminated sclerosis have 
been conducted in the United Kingdom. In 1931 Allison reported the results of 
a survey of part of North Wales, where he found a prevalence-rate of 1 in 8,600 
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Death-rates (A) and total deaths (B) from disseminated sclerosis in 
England and Wales and in Scotland. 


of the population. Subsequent experience in Northern Ireland (personal 
communication) has led him to assess the rate as being much higher in that 
country. Campbell, Herdan, Tatlow, and Whittle (1950) found an incidence of 
1 in 5,000 in the population of Cornwall, Berkshire, Buckinghamshire, and 
Suffolk. A survey of 260 square miles around Stamford (Lincs.) revealed 18 
cases in a population of 40,000, an incidence of 1 in 2,280 (Pratt, 1951a). 

The graph shows the total number of deaths from disseminated sclerosis per 
year in England and Wales from 1921, when the figures first became available, 
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until 1948, and those in Scotland from 1931. The mortality-rate from dis- 
seminated sclerosis per 100,000 of the population is also shown. In a later 
section of this paper we estimate that the average duration of life of patients 
with disseminated sclerosis is at least 20 years, so that the prevalence-rate of 
the disease can be calculated approximately by dividing the total number of 
persons dying from the disease in a 20-year period by the population in the first 
year of that period. This gives a prevalence-rate in England and Wales of 
approximately 1 in 2,400 (1929-48) and in Scotland of 1 in 1,570 (1931-50). 


Sex I: neidence 


Allowing for a slight excess of females in the population of the United King- 
dom, it has been generally accepted that they are more commonly affected than 
males. Brain (1947) assessed the sex ratio as three females to two males. Our 
material does not constitute a pure random sample, as it includes 42 patients 
seen through the Ministry of Pensions, 39 of whom were men. Of our total of 
840 patients 522 were female and 318 male. If the Ministry of Pensions cases 
are excluded there are 519 female and 279 male patients; the percentage of 
females is 65 per cent. and of males 35 per cent., compared with 54 per cent. 
females and 46 per cent. males among other neurological patients attending the 
hospital. An analysis of the sex incidence of fatal cases recorded in the Registrar- 
General’s Reports indicates that since 1921 there have been 10,222 male deaths 
(45-7 per cent.) and 12,144 female deaths (54-3 per cent.), giving a sex ratio of 
1:1-21, compared with a sex ratio for the whole population of 1:1-08; the 
difference is significant. In Scotland the sex ratio for patients dying of dis- 
seminated sclerosis is the same as that in the general population (1:1-08). It 
can be concluded, therefore, that in the United Kingdom there is a slight excess 
of female over male patients. 


Course of the Disease 


It has long been recognized that the course of disseminated sclerosis may be 
characterized by relapses or remissions, or by chronic progression either from 
the onset or after a number of remissions (Charcot, 1872; Marie, 1892). Miiller 
(1949) analysed the course of the disease in 810 cases. The average duration of 
hospital observation in these cases was 9-3 years, and there was an average 
of 5-6 years between the onset of the disease and the first registration at hospital. 
Miiller defined an episode or ‘bout’ as the appearance of a new symptom or the 
return or exacerbation of a previous one. He classified episodes as remittent or 
progressive ; among the former he included symptoms which receded partially 
or entirely or which, after a period of progression, became stationary. He 
regarded as progressive symptoms which, on the whole, became worse from the 
beginning or which, having been stationary or having regressed for less than one 
month, then progressed. He was able to classify 3,797 of the 3,932 bouts in his 
patients. Only 6 per cent. of bouts which progressed for one year eventually 
became remittent. The risk of a second bout was greatest during the first year, 
and of a third, fourth, or fifth during the first five years of the disease. The 
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disease became progressive in about a quarter of the patients during the first 
two years, and in about half during the first 10 years of the disease. If the 
disease started with a remittent bout, and no fresh bouts occurred for five years, 
there was less risk of the disease subsequently becoming progressive than if 
further remittent bouts had occurred during that period. The longer the 
duration of remittent bouts, the greater was the likelihood that the following 
bouts would be progressive. About one in ten of the patients suffered from 
progressive disease from the onset. The risk of progressive disease was greater 
in older than in younger patients; it occurred in four-fifths of the patients at 
or over the age of 35 years; in one-third of the patients of this age-group the 
disease was progressive from the onset. Male patients were more prone than 
female patients to develop progressive bouts. Miiller confirmed the view that 
the risk of progressive disease is greater when pyramidal pathways are initially 
involved than when the disease affects cranial nerves or sensory pathways. The 
methods used by Miiller in his analysis and the conclusions drawn are of great 
value, but the difficulty in obtaining details as to the course of the disease by a 
single interview with a patient or relative, and from hospital notes going back 
in some instances 25 years, is obvious. 

In our analysis of the course of the disease we have used the term ‘episode’ 
synonymously with Miiller’s term ‘bout’, but have analysed separately remittent 
episodes, progressive episodes, and episodes which show neither remission nor 
progression. Even in cases running a chronically progressive course, fresh 
remittent attacks may occur which affect symptoms other than those that are 
progressively deteriorating, but more commonly in this type of case the disease 
spreads almost imperceptibly. We have confined the detailed analysis of the 
course of the disease to patients in Group C of the material. Among the 475 
patients in this group were 61 who gave a poor account of their illness, either 
from lack of co-operation or from poor memory, and these have been excluded, 
leaving 414 cases for analysis. These include eight patients whose only symptom 
was retrobulbar neuritis, but who all showed other signs of the disease in the 
nervous system. 

It is necessary to examine the degree to which our results have been modified 
by the omission of patients, both traced and untraced, who have not been re- 
interviewed. It is not likely that the exclusion of untraced cases affects the 
issue, as in the main these patients were last seen early in the course of their 
disease, its average duration to the time when they were last seen being 6-6 
years, compared with an average duration in the cases analysed of 11-3 years. 
Furthermore, the reasons why they were untraced are unlikely to have borne any 
relation to their state of health in the majority of cases. Attempts to trace them 
were made initially through doctors, and were unsuccessful in 103 instances. 
Attempts to trace patients directly were made in 62 instances: in 16 of these 
there was no reply, while in the remaining 46 letters were returned, indicating 
that the patients had changed their address. The omission of dead patients 
from the analysis almost certainly modifies the general picture. The omission of 
122 patients traced but not reinterviewed probably modifies the results to a 
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lesser degree, as only 30 out of this group were unable to be reinterviewed 
because of the advanced state of their disease ; furthermore, the average dura- 
tion of their disease was 15-9 years. Modifications of results by these omissions 
will be indicated in the appropriate section. As all patients in Group C have not 
suffered from the disease for the same length of time, there are decreasing 
numbers of patients available for analysis in each year after onset of the 
disease. 
Relapses and remissions. Of the patients analysed from Group C, 21 suffered 
only a single progressive episode of their disease. A further 22 had a progressive 


TABLE I 


Frequency of Relapse in 393 Patients by Age at Onset 


Ageat Numberof Number of Number of Average number of 
onset patients patient-years episodes episodes per year 


(years) 

10-14 z 143 46 0-32 
15-19 44 615 222 0-36 
20-24 85 892 371 0-42 
25-29 78 848 340 0-40 
30-34 72 706 259 0-37 
35-39 58 442 179 0-40 
40-44 30 225 98 0-44 
45-49 14 97 36 0-37 
50-54 4 28 8 0-29 
55-59 1 6 2 0-33 
Total 393 4002 1561 0-39 


symptom from the onset, but other symptoms such as diplopia, paraesthesiae, or 
a retrobulbar neuritis remitted. Three hundred and ninety-three cases, at some 
time or other, had episodic features in their course, although many sooner or 
later became chronically progressive. The histories of these 393 cases cover a 
total of 4,002 patient-years; they had'1,561 separate episodes of the disease, 
giving an average incidence of 0-39 attacks per year. Analysis of this material 
to show the attack-rate per year by age at onset (Table I) does not indicate any 
significant variations between the age-groups. The average yearly attack-rate 
for 155 male patients, who had 588 attacks in 1,556 years of disease, was 0-38, 
and that for 238 female patients, who had 973 attacks in 2,446 years of disease, 
was 0-40. Table II shows the attack-rate for each year of the disease up to the 
30th year. It will be seen that the average attack-rate for each five years of the 
disease shows a slight fall after the first 10 years. Few cases were followed up 
for 25 years or more, so that the rate for the group 25-30 is not reliable. 
Duration of episodes. We have been able to obtain accurate information as to 
the duration of episodes only in the cases in Group D. This group contains a 
high proportion of recent cases; therefore in order that the number should be 
significant we have limited the analysis to the duration of the first and second 
episodes. Among these 250 patients were 45 who had only one episode, either 
remitting, progressive, or stationary, and these are excluded. A further 16 are 
excluded because they were unable to give accurate enough information of 
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either their first or second episode. The remaining 189 had first and second 
episodes as shown in Table III. There is a slight tendency for second episodes 
to be longer than first episodes. The second episode was of similar duration in 
37 patients, shorter in 62, and longer in 90. It is our impression that later 
episodes tend to last longer than the first two. 


TABLE IT 
Relapse Rate According to Year after Onset of Disease 
Year of disease 5 : s 3 I 2 3 4 5 6 7. 8 9 
Number of patients . * . . 393 377 347 316 285 265 238 214 196 
Number of attacks . . - . 485 158 119 105 100 66 79 61 64 
Average number of attacks per year . 1-23 
(0-23) 0-42 0-34 0-33 0-31 
Year of disease . 70 @2 43 34.15 i7 
Number of patients . « 875 357 139 126 107 92 77 GF G1 55 
Number of attacks . 8 
Average number of attacks 
in 5-year groups 0-26 0-22 
Year of disease * - 20 21 22 23 24 25 26 27 28 29 30 
Number of patients . - 48 43 39 31 25 23 19 16 14 13 13 
Number of attacks . F & 3 3 5S 2 8 
in 5-year groups . 5 0-22 0-20 
TABLE III 
Comparison of Duration of First and Second Episodes in 189 Patients from 
Group D 
ys Weeks Months 
Ss 45 6 7 8 9 1011 12 remitting 
33 86 42 28 
Second episode . Be 2 1 81295 2 211 17906 12- = 2 41 
21 82 45 41 


Duration of first remission. Table IV shows the interval between the first and 
second episodes of the disease. Sixty patients are excluded from this Table, as 
they have had no second episode ; twenty-one of these are the ‘chronic progres- 
sive’ cases referred to above, and the remaining 39, although they passed into 
remission following their initial attack, are mainly cases seen recently. From 
this Table it is apparent that approximately 35 per cent. of patients having a 
second attack did so within one year, 54-5 per cent. within two years, and 75 
per cent. within five years of the onset of their disease. The first remission may 
last 15 or more years (19 patients, 5-3 per cent.). The longest remission in our 
series was 37 years. Cases presenting with retrobulbar neuritis (113) have been 
analysed separately in order to determine if a longer remission can be expected 
following this type of onset. Of the 19 patients whose remission lasted 15 years 
or more, 13 (68-4 per cent.) had commenced their disease with retrobulbar 
neuritis, whereas only 31-9 per cent. of all patients analysed in this Table did 
so (x? = 12-3, n = 1, P < 0-001). 

The chronic progressive stage. The effect of sex, age at onset, duration of the 
disease, and number of previous remitting episodes upon the incidence of chronic 
progressive disease has been analysed. Out of a total of 414 patients, 146 
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(35-3 per cent.) have so far passed into a chronically progressive stage of their 
disease. As many of our cases are still early, this figure must underestimate the 
overall incidence of this type of case. This fact is further emphasized by the 
higher incidence of such cases in the groups excluded from analysis because of 
inadequate information. Among the 78 patients who were traced and had died, 
48 (61-5 per cent.) were in a chronically progressive stage of the disease when 
TABLE IV 
Interval between First and Second Episodes (354 Cases) 


Cases commencing with retrobulbar neuritis shown separately. 


Duration With retrobulbar Without retro- Percentage with 
(years) neuritis bulbar neuritis Total retrobulbar neuritis 
1 or less 43 81 124 
2 15 54 69 , 
3 9 24 33 | 30-7 
4 a 16 23 
5-9 19 49 68 27-9 
10-14 ll 18 38:9 
15-19 5 4 9 55-6 
20-24 5 2 a 71-4 
25-37 3 — 3 100-0 
Total 113 241 354 31-9 


last seen. The percentage of chronically progressive cases among patients 
traced but not reinterviewed was 42:6. Further, in both these groups there was 
a higher incidence of disease chronically progressive from the start—19 cases 
out of 78 (24:4 per cent.) among the dead and 16 out of 122 (13-1 per cent.) 
among the living patients. Sex had no bearing on the occurrence of chronic 
progression. Of our patients with chronic progressive disease 60-3 per cent. were 
females, while 60-7 per cent. of the remaining 268 who have so far continued a 
remitting course are also females. 

Age at onset in chronic progressive cases. Of the 146 patients running a chronic 
progressive course, 43 did so from the onset, and 103 after a preliminary relapsing 
course. Analysis of the age at onset in the 43 cases progressive from the onset 
(Table V) shows that these cases occurred at all ages from the 20th year onwards, 


TABLE V 


Age at Onset of 43 Cases Chronically Progressive from First Episode 
Compared with Age at Onset in Remitting Cases 
Age at onset (years) 10-14 15-19 20-24 25-29 30-34 35-39 40-44 45-49 50-54 55-59 


Remitting cases . : 7 44 82 75 69 52 26 ll 4 1 
Chronic progressive cases... as 3 6 10 10 7 5 2 ae 
Total . ° . 4 44 85 81 79 62 33 16 6 1 


Percentage chronic progres- 


35 74 127 161 21-2 31:3 33:3 
but none under 20 years, although 51 out of the total of 414 cases in Group C 
(12-3 per cent.) commenced before the age of 20 years. Of these 43 cases nine 
(20-9 per cent.) commenced in the third decade of life, 20 (46-5 per cent.) in 
the fourth, 12 (27-9 per cent.) in the fifth, and two (4:7 per cent.) in the sixth. 

Duration of disease prior to onset of the chronic progressive stage. Table VI 
shows the number and percentage of patients who enter the chronic progressive 
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stage, and the number and percentage of cases in the chronic progressive stage, 
for each year or group of years after onset. It is apparent from this Table that, 
apart from the first year of the disease, there is a fairly constant rate of change 
from a remitting to a progressive course, and that there is a gradual rise in the 
total percentage of progressive cases as the disease advances. 


TaBLE VI 

Numbers of Patients Changing from a Remitting to a Chronically Progressive 

Course, and those in the Chronic Progressive Stage, in each Year or Group of 
Years of Disease 

Numbers or average numbers of patients 

Following remitting Becoming chronically 


Year of course at beginning progressive for first Chronically progressive 
disease Total of each year tume during each year in each year 
49, 
1 414 (11-4%) 47 (11-4%) 
2 397 351 10 46 
3 367 311 12 } (37%) 56 } (15-0%) 
4 335 272 13 63 
5-9 252-8 187-4 9-0 (29%) 65:4 (259%) 
10-14 144-8 102-4 6-6 (39%) 42-4 (29:2%) 
15-19 68-6 45-4 2-6 (3:2%) 23-2 (32:0%) 
20-24 38-6 23-4 1-2 15-2 (39:4%) 
25-29 18-0 10-0 0-41 (4.607) 8-0 (44-4%) 
30-34 7-4 3-0 0-2 44 (595%) 
35-40 2-4 2-0 0-0 0-4 _ 
VII 
Number of Episodes Before Onset of Chronic Progression (146 Patients) 
Number of Number of Patients becoming 
episode patients exposed chronically progressive 
Number 
1 414 43 10-4 
2 357 37 10-6 
3 255 28 11-0 
170 13 7-6 
5 116 12 
6 79 3 el 
7 46 3 
8 37 3 71 
9 30 2 
10+ 67 2 3-0 


Number of previous attacks. Correlation of the onset of the stage of chronic 
progression with the number of previous episodes of disease, shown in Table VII, 
indicates that there is a slightly decreased tendency for cases to become chroni- 
cally progressive at and after the fourth episode (xy? = 5-33, n = 1, 0:02 < P 
< 0-05). 

The nature of the disability in chronic progressive cases. In Table VIII symptoms 
in the chronic progressive group of patients are compared with those in a similar 
number of patients running a remitting course. The latter group was compiled 
by taking at random from the remitting group a number of first, second, third, 
or later episodes comparable to those which, in the chronic progressive group, 
had initiated a downhill course. The tendency for motor (including cerebellar) 
symptoms to progress and sensory symptoms to remit will be noted. 
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Degree of recovery from episodes. The previous section has dealt with the 
occurrence of episodes which not only showed no degree of recovery, but passed 
into a stage of chronic deterioration. The number of patients so affected was 
146, and of the remaining 268 patients some had episodes that showed only a 
slight degree of recovery or none at all. The frequency of such episodes has 
been analysed in order to determine whether persistent disability is influenced 


TABLE VIII 
Symptoms Occurring in Chronic Progressive Episodes Compared with 
Symptoms in Remitting Episodes 
Chronic progressive Remitting 
Motor with cerebellar . 
Motor and sensory 27 
Motor with or retrobulbar neuritis 13 
Sensory 
Diplopia only 
Vertigo 
Retrobulbar neuritis only 
Retrobulbar neuritis with diplopia or sensory « 
Impotence . 
Total ‘ ‘ : 146 


TABLE IX 
Number of Attacks showing Failure to Remit, Grouped according to Episodes 
Total number Number not Percentage not 
remitting 
182 


27 
6 


by the duration of the disease or by the number of previous episodes. Table IX 
shows that out of 1,436 attacks suffered by our patients, 215 (15 per cent.) were 
not followed by any reasonable degree of remission. The 146 episodes leading to 
chronic progressive disease are excluded from this Table. 

Of the first four episodes, 16-9 per cent. failed to remit, compared with 9-15 
per cent. of all others. The difference is significant (xy? = 12-9, n= 1, P 
< 0-001). Duration of disease, irrespective of the number of attacks, does not 
affect this tendency. It appears that the tendency for episodes to pass into 
remission is lower during the first few attacks, and that thereafter it remains 
unaltered. There is, of course, an increasing percentage of patients in each year 
who are in the stage of chronic progression or who suffer from established 
disability, because of the yearly increment of cases passing from a relapsing and 
remitting course to a progressive or stationary course. 


Prognosis 
Degree of disablement. Standards used to assess the degree of disablement 
have usually been based either upon working capacity or upon degree of 
mobility. The former criterion is unreliable, as it must depend upon individual 


5-9 296 9-1 
10-14 55 10-9 
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fortitude, economic needs, and the nature of employment. The degree of 
mobility is a better standard, although here again the factors already mentioned 
play a part. Kolb (1950) estimated the degree of disability in 176 of a total of 
199 cases followed up for 10 years. Eighty per cent. of the patients were unable 
to work within five years of the onset of their disease, and no patient was able 
to work after the 15th year of disease. Thygesen (1947), ina study of 110 patients 
followed up and re-examined for eight to 15 years, found 25 per cent. able to do 
some form of work ; but in assessing the duration of disease he did not take into 
account an initial retrobulbar neuritis. Miiller (1949) classified his patients as 
normal, or having slight, moderate, or severe disablement, those in the second 
group being able to walk out of doors with the help of one stick, those in the 
third only with two sticks or support, and those in the fourth being either 
completely disabled or only able to get about with great difficulty inside the 
house. From the information given it is possible to calculate that at five years 
approximately 11 per cent. of his patients were slightly disabled, 17-2 per cent. 
moderately disabled, and 15-8 per cent. completely disabled. At 10 years the 
figures are 6-7 per cent., 19 per cent., and 29 per cent.; and at 15 years 8 per 
cent., 18 per cent., and 40 per cent. respectively. Miiller studied in detail the 
factors in his material which appeared to warrant a bad prognosis. Whereas 
76 per cent. of episodes affecting the cranial nerves and sensory pathways passed 
into complete remission, only 30 per cent. of episodes affecting motor pathways 
did so. The ultimate prognosis was dependent upon the initial symptom of the 
disease, motor involvement again leading to a higher rate of early disablement 
than sensory or cranial-nerve involvement. Ninety per cent. of patients became 
disabled within two years of the onset of a progressive episode. Motor symptoms 
had a worse prognosis in the older patients than in the younger, and a slightly 
better prognosis in women than in men. 

In seeking to classify the degree of disability of our patients we have discarded 

a classification based upon working capacity, as among our patients are some 
who, for example, gave up work on the appearance of trivial disability, and 
others who persisted working in the face of a complete paraplegia. We have 
classified our patients according to their degree of mobility. Such a classification 
has a number of shortcomings, as it does not incorporate disability due to 
defective vision and impairment of function of the upper limbs, nor does it take 
account of the difficulties presented by defective bladder-control. Our classifica- 
tion is as follows: 

1. Unrestricted. Without restriction of activity for normal employment and 
domestic purposes, but not necessarily symptom-free. 

2. Restricted. Able to walk unaided for short distances (up to half a mile), 
and able to get on and off public transport. 

3. Markedly restricted. Capable of moving out of doors with difficulty for up 
to a quarter of a mile, usually with the aid of sticks; often unable to use 
public transport. 

4. Mobile at home. Able to move with difficulty about the house, with support 
from furniture ; unable to mount stairs. 
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5. Immobile at home. Confined to a chair or wheelchair, and entirely eaten 
upon others for moving from room to room. 
6. Bedridden. 


We have classified the disability of our patients according to their standard 
between active episodes of their disease, since many patients during attacks 
are immobile or confined to bed. In this analysis we have been able to use only 

TABLE X 
Degree of Disablement, according to Year of Disease, in 414 Patients 


Percentage in each category 


or ag 
numbers of Markedly Mobile  Immobile 
Year of disease patients Unrestricted Restricted restricted athome at home Bedridden 
1 414 72:7 24-4 29 0-0 0-0 0-0 
397 67-0 25:4 TA 0-0 0-5 0-0 
3 367 61-3 63-1 278 >268 95> 89 03707 
4 335 576 28-7 12:5 1:2 00 0-0 
304 53-3 28-3 14-8 0-7 0:3 
6 282 50-4 28-4 17-4 21 1-4 0-3 
249 49-0 28°9 16-9 2:8 2:0 0-4 
8 224 48°7 747-8 27:2 196 719-1 4573-4 1-3 
9 205 46:8 26:3 19-0 5-4 0-9 1-6 
10 180 42:2 26-1 24:5 28 44 0-0. 
11-15 44-1 23:9 23-6 40 3-8 0-6 
16-20 63-6 39:7 28-3 19-5 5-0 75 0-0 
21-25 33-4 32:3 25:7 24-6 9-0 78 0-6 


the 414 cases from Group C, because of insufficient detail in the information 
relating to the other groups. In any group of patients who are seen for the first 
time at varying intervals after the onset, an unduly favourable impression will 
be gained both as to degree of disability and the duration of life. The inclusion 
of the remaining 78 patients in our series who are dead, and of those who 
though traced were not interviewed, would undoubtedly modify the general 
picture and indicate a higher proportion of patients in the more disabled groups 
at each year of disease. Table X indicates the percentage of patients in each 
category by years of disease. The figures for the years after 25 are based on 
such small numbers as to be insignificant, and have been omitted. 

Prognosis as to life. ‘The duration of the disease varies greatly in different 
cases. The course is slow and chronic ; the disease may last for 20 or more years 
before the fatal termination is reached. In rare cases the disease pursues a rapid 
course. It is probable that in a few rare and exceptional cases the disease is 
permanently arrested’; so wrote Byrom Bramwell in 1905. Since that date 
little accurate information about the duration of life has been added. Three 
methods have been used: (1) that of ‘following forward’ from the onset, requir- 
ing a study over many years; (2) subtraction of the average age of onset from 
the average age at death ; (3) estimation of the average duration of fatal cases, 
and comparison of this with the normal duration of life of controls. These last 
two methods are dependent upon accuracy in establishing the age of onset and 
the diagnosis at death. For example, Limburg (1950) calculated an average 
duration of 20 years in Holland, and of 40 years in Canada. The latter is 
obviously an over-estimate, and was due to the fact that a proportion of the 
deaths attributed to disseminated sclerosis were in fact due to cerebral sclerosis 
(Kurland, 1951). In Miiller’s material (1949; 810 cases) the average duration 
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of life in fatal cases was 10-4 years. He estimated that 38 per cent. of patients 
are dead by the 20th year of the disease, the figure for chronic progressive cases 
being 50 per cent. He calculated that, if all his living patients immediately died, 
the average duration of life for the whole group would be 16-4 years, and that, 
if all his living cases had a normal expectation of life as calculated from life 
tables, the average duration of life of the whole group would be 33-8 years. 


TABLE XI 
Duration of Disease in 840 Patients at Death, or to September 1950 
Duration of disease in years 1-4 5-9 10-14 15-19 20-24 25-29 30-34 35-39 40-50 

475 patients seen between April 1948 Alive . 129 139 =107 40 30 12 8 3 0 

and Sept. 1950 Dead . a 0 2 1 2 1 0 0 0 
191 patients traced in 1948-50 28 24 15 il 7 1 

not seen Dead a foe | 21 10 9 4 1 0 0 
165 untraced patients (onset to date of last information) 80 42 21 16 J 1 ys 
Patients dead, but date of death unknown (onset to date 

of last information) 1 2 0 0 1 


Thus the actual duration of life in his series must lie between these two figures. 
In 1950 Allison reported the result of a follow-up of 40 unselected patients 
observed during a survey of North Wales in 1930, and found that 28 had died. 
The average duration of disease in these 28 patients was approximately 20 years. 
He calculated that when all the patients had died the average duration would 
be somewhat greater than 22 years. Forty per cent. of the patients who died 
had survived for over 20 years from the onset of their disease. Although the 
numbers followed are small, Allison’s calculations are of importance. As a 
considerable proportion of our patients seen between 1930 and 1939 have not 
been traced, and as 250 out of the total of 840 have been seen for the first time 
since 1948, it has not been possible to make an estimate of the duration of life. 
Table XI gives some information about the duration of the disease in our patients. 
From the calculations of Miiller and Allison it seems probable that the average 
duration of life in disseminated sclerosis is at least 20 years. 

Direct causes of death. It is rare for patients suffering from disseminated 
sclerosis to die in general hospitals. The majority die at home or in institutions 
for the chronic sick, where autopsies are seldom performed. Death directly due to 
involvement of vital centres in the central nervous system is rare, and is largely 
confined to patients with acute disease who die within a few months of the onset. 
Reinhold (1950) reported the secondary cause of death determined at autopsy in 
57 cases ; 26 patients died of respiratory infection, 12 of urinary infection, eight 
from ‘cachexia and septic absorption from bed sores’, two from involvement of 
medullary centres by the disease, and the remainder from carcinoma, peptic 
ulcer, cerebral haemorrhage, aplastic anaemia, overdose of a hypnotic, or as 
a result of surgical exploration. Zimmerman and Netsky (1950) performed 
autopsies upon 41 patients and found the surprising incidence of coexistent 
malignant neoplasm in 10. They pointed out that death was usually due to 
multiple causes, 60 per cent. of their patients having bronchopneumonia, 42 
per cent. decubitus ulceration, and 40 per cent. urinary tract infection. Three 
of their patients showed old or recent myocardial infarction. Among our cases 
are three examples of death from respiratory failure ; one such patient died within 
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three months of the onset. One other patient died at home in status epilepticus ; 
Miiller (1949) recorded two similar cases. Of the remaining 81 patients in our 
series who have died, information is limited to 29, of whom 14 died from respira- 
tory infections, three from infection attributed to bed sores, three from intestinal 
obstruction (in two cases paralytic and in one case organic). The remainder died 
of rheumatic heart disease (1), cerebral haemorrhage (1), tuberculosis (1), 
nephritis (1), carcinoma of the oesophagus (1), coronary thrombosis (1), second- 
ary carcinomatosis (1), myocardial disease (1), and accident (1). 


PART II. FACTORS AFFECTING THE ONSET AND COURSE 


In 1946 one of the authors reported the results, in 142 cases, of a study of 
factors that might influence the onset and course of disseminated sclerosis 
(McAlpine, 1946). In April 1948 it was decided to continue this study and 
extend its scope, in the hope that detailed information about the general health 
of these patients would throw some light upon the pathogenesis of the disease. 
A consecutive series of 250 cases (Group D) was chosen for this purpose. Each 
patient was interviewed by one or other of the authors, and information was 
obtained in three sections: (1) the whole-life history, (2) the history of health in 
the three-month period preceding onset, and (3) the history of health in the 
three-month period preceding each relapse. The period of three months pre- 
ceding onset and relapses was arbitrarily selected as being a reasonable period 
during which factors in health might be operative. After establishing the 
dates of onset and relapse, the patients were questioned in accordance with a 
schedule which covered many aspects of general health, such as trend of weight, 
trauma (including operations and dental extractions) infections, allergic dis- 
orders, gastro-intestinal and skin diseases, vasomotor abnormalities, rheumatic 
diseases, history of immunization, emotional disturbances, pregnancy and 
menstrual history, and tobacco and alcohol consumption. A family history was 
also obtained from each patient, to include grandparents, aunts and uncles, and 
cousins where possible. There were, however, many patients who were unable 
to provide reliable information about their families. 

The use of a control population was considered essential. It consisted of 250 
random admissions to the Middlesex Hospital, and included patients from almost 
all departments, selected to give the same sex- and age-distribution at the time 
of interview as cases in Group D. Information from the control patients was 
necessarily confined to family history, whole-life history, and history of the 
three-month period before the onset of their disease. The list of control patients 
included many who were admitted as a direct result of some disorder which was 
sought in the history of patients with disseminated sclerosis, and therefore the 
control population showed an unreal incidence, for example, of rheumatic fever 
and peptic ulcer. Certain corrections were therefore necessary in making a 
comparison. There are inherent difficulties in comparing a study group of patients 
with a control group. The time interval between the onset of illness and the 
date of inquiry in the latter group is likely to be considerably shorter than in 
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the study group. Furthermore, the interest taken in the study group over 
a period of years may favourably affect the tendency to recall facts in their 
medical history and their degree of co-operation. Therefore, although statisti- 
cally significant differences occur between the two groups, it is not always 
possible to accept their validity with confidence. 


Family History 

1. Disseminated sclerosis. A previous paper (Pratt, Compston, and McAlpine, 
1951) reported the results of an investigation into the familial incidence in 310 
cases. An incidence of 6-5 per cent. was found; one in 108 of the sibs was 
affected, and one in 115 of the parents. An analysis of our own and published 
familial cases of disseminated sclerosis indicated that a predisposition to develop 
the disease may be genetically determined. The evidence suggested that this 
predisposition could be inherited by both a dominant and a recessive mode. 
Thirty-five (5-2 per cent.) of our 675 traced cases, and 15 (6 per cent.) of the 
250 specially studied, were familial. 

2. Other diseases. Few investigations into the occurrence of other diseases in 
the families of patients have been reported. Curtius (1933) investigated the 
family history of patients with disseminated sclerosis, and concluded that both 
a specific tendency to develop the disease and a non-specific ‘more general 
neuropathic constitution’ were inherited in the same families. He found 
examples of hereditary tremor, nystagmus, stutter, ocular palsy, and various 
reflex abnormalities, in the families of 30 of his 106 patients. In the present 
study we investigated the incidence of allergic diseases, migraine, rheumatic 
fever, rheumatoid arthritis, chorea, Bright’s disease, diabetes, peptic ulcer, 
tuberculosis, hypertension, and degenerative diseases of the cardiovascular 
system, in the families of the patients in Group D. Neither relatives nor their 
medical records could be examined. In both the study group and the control 
group a large number of affected relatives must have been omitted. Analysis 
showed that, with the exception of disseminated sclerosis, no disease was more 
common in the families of the disseminated sclerosis group than in the families 
of the controls. 

Medical History 

The incidence of various factors in the health of the 250 patients was compared 
with the incidence in the control population; the three-month periods before 
onset and relapse were excluded. Nine patients admitted with rheumatic 
disease, and 13 with peptic ulcer, accounted for the increased incidence of these 
diseases among the controls. The incidence of certain fevers in the control group 
was unaccountably greater than in the study group. A significant increase in 
the incidence of superficial infections (including whitlows, boils, carbuncles, 
infected cuts, bites, and burns) was apparent in patients in the study group— 
193 cases (77-2 per cent.) compared with 134 (53-6 per cent.) in controls (x? = 
30-7, n = 1, P < 0-001). This difference was accepted with some reserve, as 
control patients, interviewed only once, had less opportunity to recall minor 
incidents in their medical history, and were unable to obtain information from 
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their parents. The incidence of allergic disorders (including clear-cut examples 
of asthma, hay fever, urticaria, angioneurotic oedema, food allergy, contact 
dermatitis, and eczema) was also higher in Group D—68 (27-0 per cent) com- 
pared with 41 (16-8 per cent.) in the controls. Six control patients admitted for 
the treatment of allergic disease were excluded. The significant difference 
(x? = 7-7,n = 1,0-01 > P > 0-001) found between the two groups is probably 
valid, as these disorders, producing rather striking manifestations, are likely to 
be readily recalled on direct questioning. In 17-6 per cent. of patients the 
allergic history was positive before the onset of disseminated sclerosis. Reference 
to the incidence of allergy in the past history of patients with disseminated 
sclerosis has been made by Baer and Sulzberger (1939), who concluded that the 
incidence was at the upper limit of normal. Their study concerned only 30 
patients, and controls were not used. In a series of 142 cases McAlpine (1946) 
obtained a history of a previous attack of asthma, hay fever, or urticaria in 6 
per cent. of cases. Alexander, Loman, Lesses, and Green (1950) studied the 
effect of blood transfusion in 50 patients with disseminated sclerosis. Allergic 
reactions to transfusion, usually urticarial, occurred in 14 per cent. of 298 trans- 
fusions in these patients, compared with an incidence of 0-4 per cent. in 1,795 
transfusions performed on other patients at the same hospital. 


Age at Onset 


The determination of the age at onset of disseminated sclerosis is often difficult. 
In this paper it is taken as the time when symptoms first appeared. In many 
cases the initial symptom interferes so little with the health of the individual 
that no attention is paid to it, or with the passage of time it is forgotten. 
Despite careful history-taking, therefore, it is probable that in a significant 
proportion of our patients the actual date of onset of the disease was earlier 
than determined by us. According to published figures, the highest incidence of 
onset of disseminated sclerosis is during the third decade. The incidence in the 
third and fourth decades combined lies between 60 and 80 per cent. An 
appreciable number of cases, 11 per cent. in our series, commence in the second 
decade. The incidence falls rapidly after the age of 40 years, and only occasionally 
does the disease occur after the age of 50. Miiller (1949) found the age of onset 
in his 810 cases to be lower than that found by others, with 22 per cent. of cases 
occurring before the age of 20, and 65-5 per cent. before the age of 30 years. 
The maximum incidence occurred at 20-21 years. The ages at onset in our series 
of 840 patients are shown in Table XII. Among the 41 cases occurring below 
the age of 16 years, there was a higher proportion of female patients (29). In 
Miiller’s series, of 46 patients with an onset before the age of 14 years 35 were 
female. This indicates a special preponderance of female patients in this age- 


group. 


Precipitating Factors 
Frequent references have been made in the literature of disseminated sclerosis 
to the effect of various exogenous factors on both its onset and its course. Charcot 
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(1872) referred to the prolonged action of moist cold, injury, and emotional 
disturbances, but he pointed out that these factors may also be encountered at 
the beginning of other chronic diseases of the nervous system. Febrile illnesses, 
injuries, pregnancy, emotional upsets, localized infections, and malnutrition 
have all been put forward as causative or contributory factors in the genesis of 
the disease. Von Hoesslin (1934) and McAlpine (1946) made clinical studies of 


TABLE XIT 
Ages at Onset in 840 Patients with Disseminated Sclerosis 
Age at onset Males Females Total 

(years) 
10-14 5 7 12 
15-19 30 56 86 
20-24 52 91 143 
25-29 59 95 154 
30-34 63 83 146 
35-39 4d 84 128 
40-44 35 59 94 
45-49 21 29 50 
50-54 7 13 20 
55-59 1 5 6 
60-64 | 0 1 

Total 318 522 840 


these factors, but did not use controls. In the following sections of this paper 
we shall briefly review the literature and present our own findings. Where doubt 
has existed about the time interval within the three-month period, it has been 
taken as three months. 

Febrile illnesses. In 1884 Pierre Marie drew attention to the occurrence of 
disseminated sclerosis within a few months of an infectious fever. He also 
referred to the possible role of fevers of undetermined origin, attended in some 
instances by gastro-intestinal or pulmonary symptoms. Since Marie’s paper 
infectious fevers and other types of infection have been considered by most 
writers on the subject of aetiology. The interval between the infection and the 
onset of symptoms has seldom been mentioned, and furthermore some of the 
cases recorded would now be classified as acute disseminated encephalomyelitis. 
Von Hoesslin (1934) found a feverish illness preceding the onset in 18 (16-5 per 
cent.) out of 109 cases beginning acutely. Kolb, Langworthy, and Cakrtova 
(1942) found evidence of fever in only four of 199 cases. McAlpine (1946) 
obtained a history of fever associated with a chill, generalized pains or sore 
throat, usually described as ‘influenza’, in eight (5 per cent.) of 142 cases. In 
no instance did the disease follow one of the infectious fevers. 

The results of our study indicate a low incidence of febrile illness preceding the 
onset of the disease. A history of tonsillitis or quinsy in the three-month period 
preceding onset of the disease occurred in 10 patients of the disseminated sclero- 
sis group, and in three of the control group. In only two of the cases did tonsilli- 
tis occur within four weeks of the onset. The incidence of coryza and ‘influenza’ 
in the same period—15 cases in the disseminated sclerosis group and 18 in the 
control group—was also scattered widely throughout the three-month period 
preceding onset. In only two patients did the disease commence within three 
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months of an attack of an infectious fever. After onset 21 patients suffered from 
acute tonsillar infection, and six of these patients developed a fresh episode of 
their disease within three months. Pneumonia occurred in five patients after 
onset, and bronchitis in eight, without further episodes of the disease. But of 19 
patients who have a history of ‘influenza’ 11 suffered a fresh episode of disease 
within three months. In five of these patients the relapse developed on the first 
day of the influenzal attack. 

Trauma. Mendel (1897) described four cases of disseminated sclerosis in which 
the onset of the disease appeared within a year of severe trauma. He considered 
that trauma might be an aetiological factor if there was direct injury to the 
skull or spine, if no other cause was obvious, if symptoms were previously absent, 
and if there was a definite time-relationship between the appearance of the first 
symptoms of the disease and the accident. Mendel concluded that, in persons 
in whom there is a predisposition to the disease, trauma may be followed by 
signs of disseminated sclerosis which might not otherwise have developed. In 
Hoffmann’s (1901) series of 100 cases there was a history of severe trauma in 
13 patients, in eight within a year of the onset. Klausner (1901) obtained a 
history of trauma in 26 out of 126 cases; except in two cases the interval was 
less than a year. The conclusion reached by the Association of Research into 
Nervous and Mental Diseases in 1921 was as follows: ‘In a small percentage of 
cases it appears to be excited by trauma, but trauma cannot itself cause it, but 
may apparently awaken a disease process already potentially existent.’ Harris 
(1933), in a series of 234 cases of disseminated sclerosis, found that in 16 cases 
symptoms developed shortly after severe injuries to the back or head. In von 
Hoesslin’s study (1934) of 516 cases, trauma (including operations) precipitated 
the onset in 58 cases (11-4 per cent.). The time interval between the trauma and 
the onset of symptoms was not given, though he implied that in the majority of 
cases this was not more than two months, and in some cases considerably less. 
In 109 cases with an acute onset, trauma appeared to be a precipitating factor 
in 36 (33 per cent.). Von Hoesslin was the first to suggest that there may be a 
relationship between the site of the trauma and the level of the lesion in the 
nervous system. McAlpine (1946) found that trauma, unassociated with sepsis 
and unrelated to a fall caused by the disease, occurred within a month of the 
onset in eight out of 142 cases (5 per cent.). Both von Hoesslin and McAlpine 
concluded that there are cases of disseminated sclerosis in which there can be 
little doubt of the close relationship between trauma and the appearance of 
signs of the disease. Kolb, Langworthy, and Cakrtova (1942), in their study of 
199 cases in Baltimore City, obtained a history of trauma in four (2 per cent.). 
Their reasons for rejecting many cases seem inadequate. 

In the present series (Group D) a history of trauma during the three months 
preceding the appearance of the first symptoms of the disease was obtained in 
36 cases (14-4 per cent.). Care was taken to exclude cases in which trauma was 
possibly due to an early symptom of the disease. The site of the injury was 
correlated with the approximate site of the initial lesion in the central nervous 
system. Table XIII shows the time-relationship of trauma to onset in all cases, 
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and separately in those cases in which the site of injury bore a relationship to 
the site of the initial symptom. Dental extraction is included in this section. In 
22 out of 36 patients there was a correlation between the site of injury and the 
site of the initial lesion ; this was striking in patients who developed symptoms 
within one week of injury (nine out of 11). In the control series 13 patients 
received injury within a three-month period of the onset of their disease; an 
additional eight were admitted to hospital for treatment of the injury itself. 
The time-relationship in these cases is also shown in Table XIII. 


TaBLE XIII 
Time-Relationship of Injury to Onset of Disease 
(a) Injury preceding onset (all cases) 
Weeks Days 


Disseminated 9-12 8 7 6 56 48 2 1665 43 241 «<1 

36 (144%) 

13 (5-2%) 

(b) Injury preceding onset, related to site of lesion 

Weeks Days 4 

Disseminated 9-12 8 7 6 483 «2 21665 483 

sclerosis = 1 _ 1 1 3 1 2- - - 1 1 2 1 4 


22 
The incidence of trauma in the disseminated sclerosis group is significant 
(x? = 11:3, n= 1, 0:01 > P > 0-001). To obtain confirmatory information 
regarding the figure of 55-5 per cent. of injuries related to the site of the initial 
lesion, the relationship of remote injuries was studied. In 31 patients, out of 
a total of 146 who suffered injury more than three months before the onset of 
their disease, the site of their initial lesion was related to the site of injury 
(21-2 per cent.). Even allowing for the greater likelihood that injury, especially 
when apparently related to the first symptom, will be recalled in patients 
suffering from disseminated sclerosis, it seems probable that injury does some- 
times precipitate the onset of the disease, and may determine the site of the 
initial lesion. 

Fifty-eight patients suffered 80 traumatic incidents after the onset of their 
disease, and in 29 of these patients the trauma was followed within three months 
by a fresh episode of the disease. A number of patients had an episode following 
trauma on more than one occasion; in all, 34 episodes followed trauma. Cases 
in which it appeared that trauma was due to a fall caused by disability were 
excluded. In Part I of this paper we showed that the average number of relapses 
per year in all patients is 0-39. The average number in three months is therefore 
approximately 0-1. In 80 three-month periods following trauma there were 34 
episodes of the disease, giving a relapse-rate of 0-43. This difference suggests 
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that trauma influences the occurrence of relapse, but its validity depends upon 
the accuracy of the figure for traumatic incidents that were not followed by 
episodes of the disease. Such incidents are more likely to have been overlooked 
by patients than those followed by fresh developments. Included among the 
80 incidents of trauma were 36 operations. In the three-month periods following 
these operations nine patients developed fresh lesions, giving a relapse rate of 
0-25, which differs significantly from the overall relapse rate. 

Superficial infections. Under the heading of superficial infections we have 
included septic conditions such as boils, abscesses, and infected burns or cuts, 
on the limbs, trunk or face (including dental sepsis). In the disseminated sclerosis 
group 27 patients gave a history of some infected lesion in the three-month 
period preceding onset, compared with seven in the control group. This difference 
is significant (y? = 12-4,n = 1, P < 0-001), but the same reservations as have 
been made in the case of trauma govern its validity. The time-relationship of 
sepsis to the onset of the disease, and its relationship, if any, to the site of the 
initial lesion, are shown in Table XIV. Similar figures for the control group are 
also shown. The tendency for superficial infections to determine the site of the 
initial lesion in disseminated sclerosis has previously been noted (McAlpine, 
1946). 

TABLE XIV 


Time-Relationship of Sepsis to Onset of Disease 
(a) Superficial sepsis ' preceding onset (all cases) 


Disseminated 9-12 8 4 8 2 
sclerosis . 10 1 6 


27 (10-89%) 
Controls - 2 - 
7 (28%) 
(b) Superficial sepsis preceding onset, related to site of lesion 
Weeks 
Disseminated 9-12 8 6 6 4 3 2 


sclerosis 2 1 - 


10 


Sixty-eight patients suffered from 103 superficial infections after the onset of 
their disease. Twenty-two of these patients suffered fresh episodes of disease 
within three months on 30 occasions ; in 60 patients the infection had no effect 
upon their disease on 73 occasions. On only seven of the 30 occasions were the 
sites of sepsis and of neurological manifestations related. The relapse-rate of the 
three-month period following superficial infection, calculated as for trauma 
above, is 0-29, compared with the general relapse-rate of approximately 0-1 for 
that period. 

Pregnancy. In textbook accounts of disseminated sclerosis reference is usually 
made to pregnancy as a factor which may precipitate or influence the course of 
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Weeks Days : 
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the disease. In this country this view appears to have originated in a single 
sentence in Gowers’ Textbook of Nervous Diseases (1893): ‘I have known it to 
begin during pregnancy, remain stationary until the next pregnancy, and then 
become progressive.’ At the end of the last and the beginning of the present 
century references appeared in the German literature to single cases, or small 
groups of cases, in which the onset or course of the disease appeared to have been 
influenced by pregnancy (von Hoesslin, 1904; Beck, 1913; Dimitz, 1928). Beck 
collected 118 cases from the literature ; 40 of these patients had been pregnant, 
and 16 (40 per cent.) showed evidence of an effect of pregnancy on the onset or 
course of the disease. In von Hoesslin’s series of 516 cases (sex-distribution 
unstated) pregnancy and childbirth appeared to influence the onset or course 
of the disease in 30 cases ; in seven of these the onset was acute. Von Hoesslin, 
like other writers, did not mention the number of female patients who were 
unaffected by pregnancy. Miiller (1949) studied the disease in 448 female 
patients, and dealt specifically with the effect of childbirth upon the onset and 
course. The illness began in 15 patients during pregnancy or the first three 
months of the puerperium. In view of the proportion of women in the general 
population who are pregnant at any one time, Miiller did not consider this 
incidence excessive. To assess the effect of pregnancy upon the course of the 
disease, he compared the relapse-rate in childbearing women with that in non- 
childbearing women. There were 133 childbirths amongst 99 women, and 
including the three-month puerperium there were 24 relapses in 133 pregnancy- 
years (18 per cent.) compared with 703 relapses in 3,210 patient-years (21-9 per 
cent.) in all women in the series. 

It should be borne in mind that the incidence of both disseminated sclerosis 
and pregnancy is highest during the third decade. Since pregnancy with a 
puerperium of three months lasts one year, it is reasonable to expect that the 
onset of disseminated sclerosis and pregnancy will occasionally coincide. If 
pregnancy were a factor in the genesis of the disease, there should be a larger 
proportion than normal of childbearing women amongst the sufferers from the 
disease. This has not been found in our series (Group D, 61; controls, 65). 
Among our 250 cases in Group D were 146 female patients, of whom 51 were 
single and 34 were non-childbearing married women. Of the remaining 61 
childbearing patients, 42 had a total of 78 pregnancies before the onset of the 
disease. Only one patient developed the disease during her first pregnancy. 
Three patients developed disseminated sclerosis during a subsequent pregnancy. 
Therefore of a total of 82 pregnancies in 43 women, in only four did pregnancy 
coincide with the onset of the disease. The results of our study are in agreement 
with the conclusions of Miller (1949) and Tillman (1950) that pregnancy does 
not affect the onset of the disease. 

Of our 43 patients who had pregnancies before or at onset, six had subsequent 
pregnancies, and fresh manifestations of the disease appeared in four of these 
patients at the time of pregnancy, in one patient on two occasions. The one 
patient whose disease commenced during her first pregnancy had a separate 
manifestation of the disease one month after delivery. After the onset of the 


| | 


NATURAL HISTORY OF DISSEMINATED SCLEROSIS 155 


disease, 18 patients became pregnant for the first time, and in five of these the 
pregnancy or puerperium coincided with a fresh manifestation. Five of these 
18 patients had six subsequent pregnancies which did not affect the course of 
the disease. Therefore, of a total of 24 women having 33 pregnancies, nine 
relapsed in association with 11 pregnancies, a yearly relapse-rate of 0-33, which 
does not differ significantly from the general relapse-rate of 0-39. If pregnancy 
materially influenced the course of the disease, the prognosis would be worse in 
childbearing than in non-childbearing women. However, the average number of 
attacks per year among childbearing patients was 0-42, and among non-child- 
bearing women 0-48. The fact that both the rates are higher than the general 
relapse-rate of 0-39 is due to the proportion of cases in both groups falling in the 
first few years of the disease, when the relapse-rate is higher. It is probable that 
among non-childbearing women there are some who have avoided pregnancy 
because of the unfavourable course of their disease, and that this fact accounts 
for the slightly higher attack-rate in the non-childbearing group. 

Anxiety and emotional disturbance. It was our impression early in the present 
study that emotional factors might play a part in the disease. Pratt (19516) 
studied 100 patients taken at random from our material and 100 control 
patients from the Department for Nervous Diseases of the Middlesex Hospital, 
all save three of whom were suffering from organic neurological disease. The 
two groups were matched approximately as to sex, age, and severity of disease. 
He found that emotional disturbance or prolonged nervous strain in the month 
immediately preceding onset occurred in 38 patients with disseminated sclerosis 
and in 26 controls. The disseminated sclerosis group suffered 229 relapses, of 
which 58 (25-2 per cent.) were preceded by emotional disturbances. Although 
no control study was available for comparison with the figure for relapse, it is in 
approximation to the figure for onset in the control population. Although this 
analysis does not show an association between emotional disturbance and the 
onset or relapse of disseminated sclerosis, in certain patients the history has 
been so striking as to indicate that emotion may sometimes be an operative 
factor. 

Allergy. The incidence of active allergic disease during the three-month 
period preceding the onset of the disease was 20 (8 per cent.) compared with six 
(2-5 per cent.) in the control group ; a further six control patients were admitted 
for treatment of an allergic condition. Excluding these, the incidence in the 
disseminated sclerosis group is significantly high (y? = 7-6, n = 1, 0-01 > P 
> 0-001). Among these 20 patients were eight who had developed an allergic 
disorder for the first time during the period of three months preceding onset. 
Seven patients were exhibiting an allergic disorder on the day the first symptom 
of disseminated sclerosis developed. One of these seven cases has previously 
been described (Compston, 1951). Of the 68 patients who suffered from allergic 
disease, 29 had active manifestations after the onset of their disease, 15 for the 
first time. The allergic manifestations were active in the three-month period 
preceding 11 relapses in nine patients. Three patients suffered relapse within 
three months of developing an allergic manifestation for the first time in their 
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lives. In a typical remitting case, on four consecutive occasions fresh episodes of 
the disease followed a weekly injection of an autogenous vaccine at an interval 
of approximately 60 hours. 

Miscellaneous. Five patients were suffering from migraine at some time 
during the three months before the onset of their disease; all these patients, 
however, had suffered from migraine previously. In one patient the disease 
commenced 14 days after vaccination and inoculation with typhoid-paratyphoid 
vaccine and antitetanus toxoid. Another patient, who ultimately developed 
typical disseminated sclerosis, had transient paralysis of both legs within one 
day of the administration of anti-diphtheritic serum. A third patient developed 
symptoms within 24 hours of his first typhoid-paratyphoid inoculation. In the 
disseminated sclerosis group 10 patients complained of joint or muscle pains in 
the three-month period preceding onset of their disease, compared with three 
in the control group. In one patient there was frank polyarthritis. 

Nutritional factors. Brickner and Brill (1941) studied the dietary intake of 
34 patients with disseminated sclerosis. They concluded that the diet was 
certainly deficient in 17 of their patients, probably deficient in five, and possibly 
deficient in eight, while in only four could no abnormality of dietary habit be 
found. Many of the diets were especially deficient in fat. It was their impression 
that the disease tended to appear during periods of increasing nutrition in 
previously undernourished patients. Swank (1950) studied changes in the 
incidence of disseminated sclerosis in Norway, Denmark, and Holland, and 
correlated them with alterations in the amount of fat available to the population. 
Periods of greater incidence of disseminated sclerosis coincided with periods of 
high fat intake. Swank postulated that a high fat intake ‘may contribute to a 
high incidence of the disease by accelerating it in susceptible individuals’. We 
have been able to study the dietary intake of only 50 patients (41 females, nine 
males). This has been assessed for us by the Department of Dietetics at the 
Middlesex Hospital. The method used was inquiry by routine dietary history- 
taking ; it is obvious that such a method gives only approximate results, so that 
quantitative analysis, although made for our own guidance, will not be reported. 
Separate assessments were made for dietary habit in the remote past, in the 
year preceding the first appearance of symptoms, and in similar periods preceding 
the appearance of relapses. The average dietary intake of patients during each 
of these three periods did not differ from that recommended for sedentary workers 
in general. In certain cases dietary intake was deficient, but changes in dietary 
habit could not be correlated with phases of activity of the disease. Analysis 
revealed no specific deficiency of protein, fat, carbohydrate, or vitamins, nor 
was an increased fat intake found amongst our patients during the period pre- 
ceding the onset of their disease. 


Fluctuation in Established Symptoms 
The intensity of symptoms may vary from day to day, and even from hour 
to hour. It is important to differentiate a true relapse from a temporary exacer- 
bation of an established symptom. It will appear from the following account 
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that symptoms may be markedly worse, for example, during feverish illness 
or periods of great anxiety or fatigue. These periods of exacerbation may be as 
short as a few minutes or as long as a few days. Recovery is always immediate 
and complete as soon as the adverse exogenous factor has ceased to operate. 
Although true relapses may appear to be provoked in the same way, they can 
be distinguished by the fact that either they produce new symptoms or, if they 
constitute a marked deterioration of old symptoms, this deterioration persists. 
It would seem that in this disease the functional capacity of the diseased parts 
of the nervous system is easily upset by any internal or external environmental 
change, but control studies have not been undertaken to determine whether 
this is a specific feature of disseminated sclerosis or occurs in other organic 
neurological disorders. Our impression is that such fluctuations are less common 
in other neurological disorders. The following is an account of the factors that 
have operated in this way in our patients. 

Exertion and fatigue. Patients frequently state that their symptoms are more 
marked after exercise or fatigue. They note this tendency particularly in 
relation to their paresis. Patients with mild paresis find that locomotion may 
be normal for up to three or four miles, and then suddenly they develop weak- 
ness of the affected limb. In severer cases this effect is apparent after two or 
three hundred yards, and is often severe enough to halt the patient completely. 
With rest for a period, often as short as five minutes, the patient may set out 
again, but is halted after a decreasing distance at each attempt. This pheno- 
menon, closely resembling intermittent claudication, was marked in 17 of our 
patients in Group D, and was less clear-cut in an additional 67. The effect of 
exertion and fatigue does not operate only upon motor function. On exertion 
paraesthesiae may be more intense, and blurring of vision or diplopia may be 
more marked, or may only appear in such circumstances ; similarly nystagmus 
may temporarily become so severe as to cause disturbance of vision. 

Febrile illness. Twenty-two patients reported a marked effect of fever upon 
the intensity of their symptoms, either motor or sensory. Bladder function may 
be similarly affected. We have been able to note such effects upon in-patients 
who had an artificially induced pyrexia: 12 out of 50 complained of an increase 
in the intensity of their symptoms. 

Emotional disturbance. Emotional upsets are more often responsible for short 
temporary exacerbations of symptoms than any other factor. Eighty-two of the 
250 patients in Group D gave a history of temporary worsening during moments 
of stress. Emotion acts very rapidly upon symptoms, and often produces 
intensification of symptoms within a minute. This may be so severe at times 
as to render immobile patients who are normally capable of walking. Pratt 
(1951 b) found that this effect was much more common in disseminated sclerosis 
(18 per cent.) than in his control group (5 per cent.). 

Menstruation. A chart was prepared and sent to 90 female patients who were 
in the menstrual phase of life. Patients were asked to record daily for three 
months whether their symptoms were unaltered, worse than usual, or improved. 
Analysis of the material revealed a tendency towards improvement during 
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menstruation and during the first half of the menstrual cycle, and towards 
deterioration during the second half of the cycle. The improvement was so 
striking in one patient that she requested her doctor to provide her with treat- 
ment that would produce perpetual menstrual flow, and another stated that 
her husband could immediately tell the day of onset of her period by the 
marked improvement in her walking. 

Drugs. Certain of our patients have been given intravenous organic arsenic 
(neoarsphenamine), and some have shown marked reactions in the nervous 
system. These reactions have usually been of a slight nature, but in two cases 
were well-marked. One female patient who developed a severe pyrexial re- 
action for 24 hours following an injection of neoarsphenamine, and who had had 
previous attacks of retrobulbar neuritis but was from that point of view 
symptomless, developed amblyopia for three-quarters of an hour during the 
reaction, with a pyrexia of 105° F. A male patient suffering from an established 
but slight hemiplegia due to disseminated sclerosis became completely hemiplegic 
for about 12 hours after an intravenous injection of neoarsphenamine on four 
separate occasions. His reaction was not associated with fever. Recovery was 
complete in both these patients. 

Temperature. It is common for symptoms to be intensified by changes in 
temperature. Warmth was a more potent factor than cold in our patients. The 
effect of warmth is noticed markedly when taking a hot bath. Among the 250 
patients in Group D, 33 experienced intensification of symptoms with heat, and 
29 with cold. Guthrie (1951) has recently shown that the effect of external 
warmth is a peculiar characteristic of disseminated sclerosis, and does not 
commonly occur in other chronic neurological diseases. 

Blood transfusion. Two of our patients have had blood transfusions, one for 
aplastic anaemia and one for haematemesis ; in the former case marked exacer- 
bations of symptoms occurred. Alexander, Loman, Lesses, and Green (1950) 
reported that 12 per cent. of patients with disseminated sclerosis had ‘neural’ 
reactions to transfusion. These comprised temporary paralysis, diplopia, 
blindness, or increase in established spastic paralysis, the reactions lasting 
between three and four hours. In some cases the reactions were associated with 
urticaria. 

Discussion 

There are two factors in the development of any disease, first the agent 
initiating the damage to tissue, and secondly the pathological process thereby 
set in motion. Many hypotheses as to the aetiology of disseminated sclerosis 
have not distinguished between these two factors. It is probable, as Lumsden 
(1951) has recently pointed out, that in disseminated sclerosis demyelination is 
accompanied by cellular biochemical changes, and that these changes are 
dependent upon enzymic reactions. This does not mean that the primary cause 
of disseminated sclerosis is an enzymic defect, unless it be that this is of the 
nature of an inborn error of metabolism. Similarly, theories of a vascular 
origin are theories of mechanism and not of aetiology. The retention of the term 
‘sclerosis’ as applied to this disease has tended to obscure the fact that primarily 
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it is a form of encephalomyelitis, and that gliosis is a secondary process. Lumsden 
has drawn attention to the intimate relationship existing between the oligoden- 
drocyte and the myelin sheath, and to the significance of the primary changes in 
these structures. He has put forward the hypothesis that in disseminated sclerosis 
two processes are at work: (1) a preparatory exogenous factor damaging the 
white matter, and (2) an endogenous mechanism which liberates a myelinolytic 
substance related to the myelin sheath or oligodendrocytes. In the present 
paper we are concerned with the nature of the exogenous factor. Any satisfactory 
theory regarding the cause of disseminated sclerosis which is based primarily on 
clinical facts must be consistent with our knowledge of its neuropathology, and 
at the same time must explain partially or wholly the varied features of its 
natural history. These include the geographical and focal distribution, the 
genetical background, the part played by such factors as trauma and infection, 
and the variations in the mode of onset and progress of the disease. 

It was a natural consequence of the discovery of the aetiological role of specific 
infective agents that such an agent should be sought in disseminated sclerosis. 
Brain (1930) reviewed the various claims of experimental pathologists in favour 
of a viable agent, including those of Bullock (1913), Kuhn and Steiner (1917), 
and Adams, Blacklock, Dunlop, and Scott (1924). Their positive results, and 
those of a number of others, have not been confirmed. Brain suggested that 
spontaneous neurological disease in laboratory animals might have been a 
source of error in such experiments. In 1946 Margulis, Soloviev, and Shubladze 
claimed the isolation of a virus from two cases of encephalomyelitis ; this virus 
was neutralized by serum from 50 per cent. of patients with disseminated sclero- 
sis, but not by the serum of other neurological controls. These findings await 
confirmation. The hypothesis of a specific infective agent is compatible with 
certain features of the disease, but its characteristic relapsing and remitting 
course is difficult to correlate with the presence of an infective agent in the 
central nervous system, although latency of infection is exemplified by neuro- 
syphilis, and by experimental herpes simplex encephalitis inrabbits. In the latter 
condition Good and Campbell (1948) have shown that infection may be latent, 
and may be reactivated by the administration of histamine or the induction of 
anaphylactic shock with foreign proteins. But no virus disease in any system, 
with the exception of herpes labialis, behaves in this manner naturally. It 
would therefore appear that animal experiments demonstrating an infective 
agent within the nervous system of patients with disseminated sclerosis lack 
confirmation. As Lumsden remarks, ‘If the real cause is a specific transmissible 
agent it must be a virus or a chemical substance not yet even listed amongst the 
known pathogenic agents, and one with some extremely uncommon properties’. 

The view that disseminated sclerosis may be due to a form of sensitization or 
allergy has gained ground in recent years. Ferraro (1944) concluded that unifica- 
tion of the pathology of the demyelinating diseases seemed possible if they were 
considered as an expression of an allergic reaction in nervous tissue. McAlpine 
(1946), on clinical grounds, postulated that the disease is determined by an 
immune reaction to an infection, and that a varying interval may occur between 
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the original sensitization of the nervous system and the first appearance of 
symptoms. In seeking a firmer basis for the theory of a hypersensitivity 
reaction in disseminated sclerosis, attention has naturally turned to other 
forms of encephalomyelitis. There is some evidence to suggest that hypersensi- 
tivity plays a part in the post-vaccinal and post-exanthematous forms. In 1907 
von Pirquet postulated that, since the symptoms of post-vaccinal encephalo- 
myelitis almost invariably arose on the ninth or tenth day, they could be 
explained on the basis of an allergic response. A similar mechanism has been 
evoked for the various forms of post-exanthematous encephalomyelitis (Glanz- 
mann, 1927; van Bogaert, 1932; Finley, 1938). But there is no proof that these 
varieties of encephalomyelitis are ever followed by disseminated sclerosis 
(Lumsden, 1951; van Bogaert, 1950). The relationship of acute ‘spontaneous’ 
disseminated encephalomyelitis to disseminated sclerosis is less clear. McAlpine 
(1946) reported that three out of five cases diagnosed as acute disseminated 
encephalomyelitis in 1931 subsequently followed a course typical of disseminated 
sclerosis. On the other hand van Bogaert (1950), with a larger experience, has 
recently reported the follow-up of 19 patients seen between 1927 and 1932. Four 
of these subsequently developed signs of multiple sclerosis, one could not be 
traced, one died in the acute stage, and two other cases were inconclusive. The 
remaining 11 patients were completely free from any neurological disease. Van 
Bogaert considers that acute disseminated encephalomyelitis is a manifesta- 
tion of an immunizing process in the neural ectoderm, just as a rash indicates 
the same process in the skin. He points out that a history of recurring focal 
infections and allergic skin and joint manifestations is not uncommon in the 
personal or family history of patients who develop encephalomyelitis in the 
course of atypical general infections. (Thus, although the evidence would 
suggest that acute disseminated encephalomyelitis does not usually develop 
into disseminated sclerosis, there can be no doubt that occasionally it may do so. ) 
Lumsden (1949) and others have emphasized the fact that the experimental 
ncephalomyelitis of animals does not reproduce the pathological features of 
disseminated sclerosis, but those of disseminated encephalomyelitis. It has 
been widely assumed that the development of foci of demyelination, following 
the injection of brain emulsions in animals, is due to the production of an anti- 
brain antibody, and the disorder is therefore now commonly called ‘allergic’ 
encephalomyelitis ; but the evidence that this condition is allergic in origin is 
inconclusive. Hurst (1940) and others have shown that similar lesions may be 
produced by various procedures, certain of which cannot involve an immunizing 
process. Although affected animals develop antibodies, these are not entirely 
specific, and appear in animals that do not develop brain lesions (Lumsden, 
Kabat, Wolf, and Bezer, 1950). It has been suggested by Lumsden that their 
appearance is coincidental, and that there is some other ‘encephalitogenic 
agent’ which may be neurotoxic without producing its effects by sensitization. 
Although the administration of anti-histamine drugs may modify the effect of 
brain emulsions, Lumsden (1949) considered that the results of his experiments 
were inconclusive. Nevertheless, the fact that its induction is greatly facilitated 
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by the inclusion of dead tubercle bacilli in the emulsion suggests that immuniz- 
ing processes may be an important factor in the production of experimental 
encephalomyelitis. Thus, although clinically there is no definite link between 
the various forms of encephalomyelitis and disseminated sclerosis, with the 
possible exception of spontaneous encephalomyelitis, there are some grounds 
for believing that sensitization may be a common factor in their aetiology. 

The clinical manifestations of nervous disease that have been attributed 
to allergy are varied, and range from the effects of serum sickness and anti- 
rabies vaccine to those that may occasionally occur in individuals allergic to 
food and other substances. Certain of these effects are transitory, such as 
migraine, drowsiness, attacks of coma, and convulsions; from them recovery is 
complete. More rarely there may appear in allergic patients symptoms such as 
hemiplegia, retrobulbar neuritis, vertigo, diplopia, sensory symptoms, and 
paresis (Kennedy, 1938, 1950; Pardee, 1938; Winkelman and Moore, 1941). 
The majority of the reported cases appear to have responded favourably to the 
elimination of the cause, and have not suffered any permanent disability ; others 
have relapsed in remarkable fashion on exposure to a specific allergen, and in 
a few instances signs in the central nervous system have persisted. Furthermore, 
changes in the cerebrospinal fluid similar to those found in disseminated 
sclerosis have been reported. In fact, were it not for the demonstration in such 
cases of an allergic manifestation such as hay fever or urticaria, it would be 
difficult to arrive at any other neurological diagnosis than disseminated sclerosis. 
On the other hand, cases of disseminated sclerosis may run a typical course for 
some years without any outward evidence of allergy, only for this to develop 
later in association with a reixpse of their neurological condition. Some of our 
patients have shown a close time-relationship between cutaneous or mucosal 
allergy and the appearance of fresh lesions in the central nervous system. It 
should be stated that, striking as certain of these cases are, it is only possible 
to obtain such a history in a small minority of cases. 

In the present study we have demonstrated an increased incidence of accepted 
allergic diseases among a group of 250 patients suffering from disseminated 
sclerosis, as compared with 250 controls. This association may not be fortuitous, 
but may depend on an inherited or acquired constitutional tendency to develop 
hypersensitivity in certain tissues. A parallel example is afforded by rheumatic 
fever. Rittwagen, Romano, and Svigals (1946) found an incidence of 31 per 
cent. of allergic symptoms in 100 children suffering from rheumatic fever, 
compared with an incidence of 8 per cent. in a control population. The evidence 
presented by Alexander and his colleagues (1950) of a raised incidence of 
allergic reactions to blood transfusions in patients with disseminated sclerosis 
suggests an inherent tendency for these patients to develop allergic symptoms. 
It is possible, therefore, that of those individuals who have a general tendency 
to develop hypersensitivity reactions a few may react only in the central 
nervous system. This is in accordance with the view of Rich (1947) that con- 
stitution determines not only the tendency to develop allergic disease, but also 
the site of allergic processes. 
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Other facts emerging from our study include the apparent trigger action of 
trauma, infection, superficial sepsis, and emotion upon the appearance of lesions, 
The relationship between peripheral trauma and the onset of the disease was 
sufficiently close in certain of our cases as to suggest a causal relationship, 
particularly when, as in over 50 per cent. of cases, there was a close corres- 
pondence between the site of the trauma and the level of the lesion in the nervous 
system. Similarly, in certain of our patients there appeared to be a topographical 
relationship between peripheral sepsis and the manifestations of the disease. 
Theoretically the effect of trauma or sepsis on the corresponding segments of 
the spinal cord could be explained by neural, chemical, or vascular mechanisms. 
Peripheral stimulation is known to produce alterations in blood-supply through-. 
out a stimulated limb, probably through antidromic mechanisms which persist 
for about 10 minutes after stimulation (Bayliss, 1901). The vasomotor nerve- 
supply, including that to the intramedullary portions of the spinal cord, is 
distributed segmentally in the same way as the motor and sensory nerves; it is 
possible that alterations in blood-supply occur not only throughout the skin 
and muscle following stimulation, but also in the corresponding segment of the 
spinal cord, thus possibly altering local antigen-antibody balance. Generalized 
infections are known to provoke not only a specific antibody response but a 
general antibody response (the anamnestic response), and it is possible that, 
whereas trauma and sepsis may produce their effects locally, infections may do 
so by producing generalized alterations in antigen-antibody balance. Similar 
factors have been invoked as secondary or conditioning agents, particularly 
in the group of simple allergic disorders, and in other conditions of more 
complex aetiology in which hypersensitivity plays an important part. The 
role of infection, emotional disturbance, and trauma in the precipitation of 
allergic reactions of the skin and mucous membranes is generally accepted. 
In rheumatoid arthritis and iritis the operation of similar factors has often 
been claimed. It has been postulated that the provocation of disease by a 
wide range of noxious factors is due to a disordered adrenal response. It is 
difficult to conceive of such a response causing first localization and. secondly 
some of the more immediate reactions which we have encountered in our 
study. 

t is necessary to examine the course of disseminated sclerosis to see whether 
its natural variations are compatible with a hypothesis of a hypersensitivity 
origin. Relapse and remission, sudden onset, brief duration, day-to-day 
variations in intensity, are characteristic features of such allergic conditions 
as asthma, hay fever, urticaria, and eczema. Other diseases in which hyper- 
sensitivity plays a part—rheumatic fever, rheumatoid arthritis, nephritis, and 
iritis—are also characterized by a relapsing and remitting course. It may not 
be without significance that the association of rheumatoid arthritis, iritis, or 
psoriasis with disseminated sclerosis is in our experience not a rarity. The 
existence of both a remitting and a progressive form of disseminated sclerosis 
finds a parallel in rheumatic disease. Hypersensitivity has been postulated as a 
factor in the genesis of all these diseases, but there are admittedly others with a 
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varying course in which no such factor has been invoked, such as peptic ulcer 
and thyrotoxicosis. 

The genetical influence which has been shown to operate in certain cases of 
disseminated sclerosis is compatible with the above hypothesis. A hereditary 
factor is accepted as part of the natural history of simple allergic states such as 
asthma (Williams and Williams, 1949), and of the more complex allergic states 
such as rheumatic fever (Wilson, 1944) and rheumatoid arthritis (Copeman, 
Savage, Bishop, Dodds, Gottlieb, Glyn, Henly, and Kellie, 1950). It may also 
exist in animals (Landsteiner and Chase, 1940). Endocrine factors appear to 
play a small part in the background of disseminated sclerosis. Cases occur 
almost exclusively during the most active endocrine phase of life from 14 to 50 
years, and there is an increased incidence of the disease in female as compared 
with male subjects at the time of puberty. A similar increased incidence of 
asthma in female subjects during the development of puberty has recently been 
demonstrated (Williams and Williams, 1949). 

Clinical and pathological evidence suggests that the chronic progressive type > ‘ 
of the disease does not differ essentially from the more usual remitting and 
relapsing form, in that fresh symptoms may occur during life, and lesions of 
all ages may be found post-mortem. It is not necessary, therefore, to postulate 
an alternative hypothesis of causation for these progressive cases. — 

We have discussed in this paper the rapid fluctuations in the intensity of symp- 
toms that occur in disseminated sclerosis, and in particular the influence of certain 
internal and environmental factors upon them. Pratt (19516) has shown that, 
at least so far as emotion is concerned, these fluctuations appear to be a peculiar 
feature of disseminated sclerosis, and do not commonly occur in other neuro- 
logical diseases. Guthrie (1951) has recently compared the effect of changes in 
environmental temperature upon patients with disseminated sclerosis with 
that upon controls suffering from other neurological disorders. He found that 
rapid change in the intensity of symptoms following heating was peculiar to 
disseminated sclerosis. The effects upon remote lesions of heating one limb 
could be abolished by applying a tourniquet to that limb, and he postulated 
that the lesions are affected either by warmed blood or by some humoral agent 
released in a warmed limb, and not by reflex nervous influences. The application 
of Cannon’s law of denervation would provide further evidence in favour of a 
chemical explanation of the rapid fluctuations in symptoms in disseminated 
sclerosis. In 1939 Cannon stated: ‘When in a series of efferent neurones a unit 
is destroyed an increasing irritability to chemical stimulating agents develops 
in the isolated structure or structures, the effect being maximal in the part 
directly denervated.’ Since transitory variations of symptoms are uncommon 
in other organic nervous disorders, there would appear to be some feature of 
those lesions in disseminated sclerosis in which gliosis is not advanced which 
renders them highly susceptible to humoral influences. This view of the disease 
is not incompatible with a general hypothesis of a hypersensitivity origin. 

The occasional focal occurrence of the disease must also be considered. 
Campbell, Herdan, Tatlow, and Whittle (1950) found a relatively high incidence 
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of the disease in a Berkshire village, and three patients who had lived in cottages 
in close proximity to each other in a village in Gloucestershire. Adams in Scot- 
land, and Allison in Northern Ireland (personal communications) have also 
found evidence of a number of foci of the disease. An abnormally high lead- 
content in the teeth of patients, and in the soil in the vicinity of the two groups 
of cases reported by Campbell and his colleagues, suggested that lead might 
play a part in this disease. Their work awaits confirmation, but many argu- 
ments can be put forward against such a view. Since foci tend to occur in small 
rural communities, it is possible that they may, in part at least, be genetically 
determined. The explanation of the occurrence of a disease closely resembling 
disseminated sclerosis in four out of seven workers on swayback in lambs, as 
reported by Campbell, Daniel, Porter, Russell, Smith, and Innes (1947), may lie 
not in the immediate environment of these workers, as suggested by the authors, 
but in other facts, namely, that ‘two at least’ of the affected persons came from 
the same locality in Scotland, and one other had a sister similarly affected. It 
is possible that environmental factors may, in some unknown way, predispose 
to the development of hypersensitivity states. 

A consideration of the changes in the cerebrospinal fluid should help to 
elucidate the aetiological problem of disseminated sclerosis. The positive col- 
loidal gold curve is dependent upon a relative increase in the quantity of 
globulin in the fluid. This has been proved electrophoretically and immuno- 
chemically by Kabat, Moore, and Landow (1942) and Kabat, Glusman, and 
Knaub (1948), and confirmed by unpublished work carried out on our patients 
by Field. The presence of increased quantities of globulin suggests an immune 
response, and at first sight might indicate the presence of an infective agent in 
the central nervous system. We have already given reasons for discounting this 
theory. It is equally possible that globulin is produced in excess as a result of 
sensitization. When the biological nature of the globulin has been determined, 
this may provide a further clue to the aetiology of the disease. 

In postulating a hypersensitivity origin for disseminated sclerosis no reference 
has been made to the factor or factors responsible for sensitization. In general 
‘allergens’ are non-specific so far as the clinical manifestations are concerned. 
Rich (1947) has pointed out that it is the constitution of the host, rather than 
the nature of the allergen, that determines the clinical picture, and further that 
although an allergic disorder may be evoked at first by only a single allergen, 
sensitization may ultimately develop to a wide range of substances. Antigens 
in general may be either infective agents or non-viable protein-containing 
substances, or even non-protein-containing substances such as drugs, which 
produce sensitization by forming an antigenic complex with some body-protein. 
Theoretically, in disseminated sclerosis there may be a single antigenic sub- 
stance or more than one such substance capable of provoking reactions in the 
nervous system in predisposed subjects. On general grounds the latter appears 
the more likely explanation. 

We have marshalled certain facts which suggest that disseminated sclerosis 
is initiated by an antigen-antibody reaction within the central nervous system 
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as a result of previous sensitization. The evidence for this hypothesis is in- 
conclusive, and in particular the crucial demonstration of sensitization in many 
patients suffering from this disease is lacking. This does not invalidate the 
hypothesis, as sensitization may be limited to nervous tissue, and may give no 
evidence of its presence by skin reaction or by serological testing. We believe 
that the broad facts of the natural history of the disease are more compatible 
with the hypothesis of an allergic origin than with any other. _ 
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Summary 


1. An estimate has been made of the incidence and sex-distribution of 
disseminated sclerosis in England, Wales, and Scotland. 

2. The case reports of 840 patients seen since 1930 have been reviewed. Six 
hundred and seventy-five patients have been traced, and 475 patients reinter- 
viewed. 

3. The course of the disease has been studied in detail in 414 patients. 

4. Episodes of the disease have been classified as remittent, progressive, or 
stationary. The behaviour of episodes has been correlated with age at onset, 
sex, and the duration of the disease. 

5. The amount of disability has been estimated —_— to the degree of 
mobility. 

6. The prognostic significance of certain symptoms as regards both disable- 
ment and life has been indicated, and an attempt made to assess the average 
duration of life of patients with this disease. 

7. The general health of 250 patients with disseminated sclerosis has been 
studied in detail. A control series of 250 patients was used. Other information 
relating to 840 patients has been presented. The relevant literature has been 
reviewed. 

8. A hereditary factor is evident in about 6 per cent. of cases. 

9. The incidence of allergic disease is significantly increased in the dis- 
seminated sclerosis group (27 per cent.) compared with the control group 
(16-8 per cent.). 

10. Of 840 patients, the onset occurred in the third decade in 297 (35-3 per 
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cent.), after the age of 40 years in 171 (20-3 per cent.), and between the ages of 
10 and 14 years in 12 (1-4 per cent.). 

11. Factors which appeared to precipitate the onset or relapse in certain 
cases include trauma, infection, peripheral sepsis, and less frequently emotional 
stress. Pregnancy did not appear to be of importance. 

12. In a significant proportion of cases in which trauma or peripheral sepsis 
preceded the onset, the site of injury could be correlated with the site of the 
lesion in the central nervous system. 

13. A distinction is drawn between true relapses and temporary exacerbations 
of symptoms. The latter are influenced by many factors, including emotion, 
fatigue, fever, drugs, environmental temperature, and menstruation. 

14. The result of a dietetic inquiry in 50 patients was negative. 

15. Reasons are given against the view that disseminated sclerosis is due to 
a specific infective agent within the nervous system. 

onsideration is given to the theory of hypersensitivity. The relationship 
of disseminated sclerosis to the various forms of encephalomyelitis and to the 
known forms of allergy affecting the nervous system is discussed. The occasional 
genetical and allergic background in patients with disseminated sclerosis, the 
nature of the precipitating and aggravating factors, the simultaneous activity 
of the disease and of allergic symptoms in certain cases, the variation in the 
mode of onset, and the relapsing course of the disease, are all consistent with the 
theory of a hypersensitivity reaction. 

(17, It is postulated that more than one antigen may be capable of sensitizing 
the central nervous system in disseminated sclerosis. 
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THE TREATMENT OF INTERMITTENT CLAUDICATION! 


By M. HAMILTON anp G. M. WILSON 


(From the Medical Unit, St. Mary’s Hospital, London, and the Department of 
Pharmacology and Therapeutics, University of Sheffield and Sheffield Royal 
Infirmary) 


SrncE its first description in the horse by Bouley (1831), and in man by Brodie 
(1846), intermittent claudication has been associated with obstruction of the 
main limb arteries, a conclusion firmly established by Erb (1898). Subsequent 
experience has fully confirmed this view of intermittent claudication, apart 
from its occurrence in severe anaemia (Pickering and Wayne, 1934). Lewis, 
Pickering, and Rothschild (1931) showed that pain is due to the release of a 
substance, ‘Factor P’, from muscle-fibres during contraction, and the accumula- 
tion of this substance, normally removed by the circulation, above the threshold 
for the pain nerves in muscle. The conception has accordingly arisen that the 
amount of exercise necessary to produce pain in intermittent claudication is a 
measure of the extent to which the normal increase in muscle blood-flow with 
exercise is restricted by organic arterial obstruction. In this way intermittent 
claudication may be regarded as an index of the degree of restriction of blood- 
flow to the affected muscles. Treatment may be prescribed with the object of 
increasing blood-flow to the muscles by dilating temporarily, or enlarging per- 
manently, the vessels which chiefly limit flow, presumably in this case the 
collateral vessels which carry blood past the obstruction in the main channel. 
Treatment is usually prescribed on a theoretical basis, and there have been 
relatively few attempts critically to assess its worth. Such an attempt is made 
in this paper. In selecting a test we have chosen the simplest, that of asking 
the patient to walk at his ordinary pace over a pair of steps 18 inches high, as 
originally introduced by Wayne and Laplace (1933) in investigating angina 
pectoris. While this test has the disadvantage that not all factors are under 
full control, it has the great advantage of familiarity to the patient, and the 
results are not affected by variations in the skill of performance, which are 
a major and uncontrolled factor in more complicated procedures. At each 
attendance the following observations were made on each patient: 

. Any treatment given since the previous visit. 

. The site of pain experienced. 

. The number of circuits over the steps which the patient completed before 

pain developed. 
. The time taken to walk the number of circuits. 
. The average rate at which each circuit was completed. 


. The time taken for the pain to subside with the patient standing still. 
. The room temperature. 


1 Received April 19, 1951. 
Quarterly Journal of Medicine, New Series XXI, No. 82, April 1952. 
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At each visit at least two recordings of the exercise-tolerance were made, and 
between tests the patient rested on a chair for a period of at least 10 minutes. 
A longer period of rest did not significantly improve subsequent performance. 
The possible sources of error in this method of investigating exercise-tolerance 
must be considered. The end-point of the exercise test is entirely subjective, 
and there is no method of ascertaining that the patient can be relied upon to 
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Fic. 1. The variations in exercise-tolerance and rate of walking in Case 30. No 
treatment was given during this period. The observations were made in 
duplicate, and on any one day were in close agreement. On different occasions 
there was considerable variation in the exercise-tolerance, which was not 
related to the slight changes in the rate of exercising. 


TABLE I 


Observations on Untreated Cases of Intermitient Claudication, showing 
the Variations in Exercise-Tolerance and in Rate of Walking 
Number of circuits Time per circuit 
Period under Coefficient 
Case observation Number of of variation 
number (weeks) observations Mean (%) 
11 21-5 20-3 
13 21:0 24-8 
9 17-3 23-7 
14 13-2 22-9 
14 19-9 13-0 
10 31-4 15-8 
10 12-2 27-5 
14 18-8 11-6 
12 14-3 19-5 
14 17-4 22-4 
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stop when pain develops. Furthermore, the patient himself may count the 
circuits, and this knowledge may influence his decision as to when to stop. We 
have guarded against this factor as far as possible by informing the patient that 
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we are primarily interested in timing the exercise. Again, the duration of the 
pain after exercise cannot readily be estimated by the patient, and we have 
found that a true improvement in exercise-tolerance is accompanied by a 
decrease in the duration of the pain, in spite of the longer period of exertion. 
The patient was given no information regarding the times. 

Before undertaking any investigation into the results of treatment it is 
essential to appreciate the variation in exercise-tolerance occurring naturally 
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Fic. 2. Spontaneous improvement occurring in Case 40 while receiving 

inert tablets for 300 days. The improvement was shown by an increased 

exercise-tolerance and a decreased duration of pain. The rate of walking, 
as reflected by the mean time per circuit, did not alter significantly. 


in the course of the disease (Silbert, 1938). A group of 10 patients was accord- 
ingly observed over periods of several weeks, without any treatment being 
given. Remarkable fluctuations in exercise-tolerance were seen in many of 
these cases. The results showed that on any one day the variations in exercise- 
tolerance were small, though, as will be pointed out later, on a single day the 
exercise-tolerance might be conspicuously affected by procedures involving 
therapeutic suggestion. On different days the variations in exercise-tolerance 
were usually much greater, though the rate of walking remained remarkably 
constant. The observations in one case are shown in Fig. 1, and the results in 
all 10 cases are summarized in Table I. Variations from the mean individual 
exercise-tolerance were occasionally as great as +45 per cent., and in the series 
the coefficient of variation was between 12 and 28 per cent. In the majority of 
cases the fluctuations in exercise-tolerance were not consistently associated with 
the slight changes in the rate of exercising. Furthermore, the patients showing 
most variability in the speed of walking (for example, Cases 22 and 23 in Table I) 
did not show the greatest variations in exercise-tolerance. We have accordingly 
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regarded these small alterations in the rate of walking as of little importance in 
the assessment of results. The fluctuations in exercise-tolerance did not neces- 
sarily represent any general tendency towards deterioration or improvement. 
From these considerations it is obvious that no valid conclusions can be based 
on single observations before and after any treatment. The difficulties in 
assessing therapeutic effects are thus apparent, and are further illustrated by 
Case 40 (Fig. 2). This patient, a man of 51 years, received inert tablets over a 
period of 300 days, and during that time, despite fluctuations, there was a 
remarkable increase in his exercise-tolerance, which was noticeable within six 
weeks of his first attending the hospital. This increase continued steadily 
throughout the following three months, though the rate of exercise remained 
constant. If one of the treatments under investigation had been given, the 
spontaneous improvement might easily have been attributed to the specific 
action of the drug. It has too readily been assumed in previous investigations 
that spontaneous changes do not occur. 

The subjects of our investigation consisted of 40 non-diabetic male patients, 
aged between 40 and 70 years, whose main complaint was of pain in the calf, or 
calves, appearing on exertion and relieved by rest, for which they were referred 
to hospital. The treatments given to these 40 patients were divided into two 
groups. 

1. Long-term treatments given continuously for several weeks, the effect upon 

the exercise-tolerance being observed after that period (Table IT). 

2. Short-term treatments: a drug, usually given intravenously, which produces 

 arapid effect, the patient being exercised while the effect is at a maximum. 
In all cases the efficacy of these short-term treatments was assessed by 
comparison with the effect of a control injection of some inert substance 
given previously at the same visit. 

Although the number of patients treated by any one method is small, all these 
patients have been seen at frequent intervals throughout a period of two years. 
Before any long-term treatment was started, each patient was seen at weekly 
intervals for a period of at least seven weeks, in order to establish an adequate 
base-line on which to assess the value of future therapies. This was essential in 
view of the fluctuation in exercise-tolerance which occurs even in untreated 
patients, and to which we have already referred. 


Long-Term Treatments 

1. Intermittent venous occlusion. Lewis and Grant (1925) demonstrated that 
a marked increase in arterial flow follows the release of venous occlusion, the 
amount of increase depending upon the degree and duration of application of 
venous congestion. Collens and Wilensky (1936) utilized these observations in — 
devising a machine which produced intermittent venous occlusion, and in 1937, 
they reported the results of treatment of 124 cases of arterial disease by this 
machine. Brown and Arnott (1937) described another machine, and in the 
following year recorded good results in 12 out of 13 cases treated (Brown and 
Arnott, 1938). Evoy and de Takats (1948) recommended this treatment, if 
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given for very prolonged periods, in certain types of obliterative vascular 
disease. In spite of these encouraging reports Allen, Barker, and Hines (1946) 
considered that intermittent venous occlusion was of very limited value, but 
that it might be a useful adjunct to other treatments. The intermittent venous 
occlusion machine which we have used is similar to that described by Brown 
and Arnott (1937). The treatment is given in stretches of four hours throughout 
the 24. Between the four-hour stretches, during which the machine runs con- 
tinuously, it has been disconnected for half an hour. This break serves two 
purposes: it allows the patient out of bed to the lavatory and bathroom, and 
we find that the machines tend to run better if allowed these fairly frequent 
periods of inactivity. This treatment has been given on 19 occasions to 16 
patients, one patient receiving the treatment on three separate occasions and 
another on two separate occasions. In two cases the period of treatment was 
only 50 hours. One of these two patients discharged himself before the course 
was completed; the other developed gangrene, and the treatment was dis- 
continued. In the other 14 patients the average length of treatment was 272 
hours. Of these 16 patients only five have shown any improvement. The 
remaining 11 have shown no change, although the amount of treatment given 
was at least as great as in the case of those who improved. The progress of four 
of the patients who improved with this treatment was as follows: 

Case 26, a man aged 63 years, was first investigated as an in-patient, and six 
observations were made over a period of one week. His average exercise- 
tolerance for this week was 29 circuits over the steps, with extremes of 25 and 
32 circuits. He was treated with a total of 252 hours’ venous occlusion, and 
then was discharged, his maximum number of circuits completed while receiving 
the treatment being 47. During the following two months he was seen on six 


occasions. His exercise-tolerance averaged 35 circuits. During the past 18 
months he has persistently failed to keep his appointments. 


Case 7, aged 60 years, maintained improvement for six months after his dis- 
charge from hospital, and then developed a fungus infection of the toes with a 
superadded pyogenic infection, and was readmitted. The infection could not 
be controlled, an area of ulceration and cellulitis developed, and eventually the 
leg was amputated above the knee. This man’s exercise-tolerance was as 
follows: 


Number of Duration of | Mean number 
observations observations of circuits 


Before treatment . 17 7 weeks 10-8 
After eight days’ rest in bed x . 3 (in one day) ee , 14-7 
After 23 days’ rest in bed and 260 hours’ 

I.V.O. . 2 (in 22 
After discharge from. hospital 5 months 19-2 


Case 30, aged 60 years, maintained his improvement after treatment for nine 
months, after which Achilles tenotomy was performed. He has been completely 
free of pain since the operation. 

Number of Duration of | Mean number 

observations observations of circuits 
Before treatment 21 3 months 16-5 
After 23 days’ rest in bed and 290 hours’ 

2 28-5 
After discharge from hospital 9 2 months 22-5 


174 M. HAMILTON AND G. M. WILSON 


Case 14, aged 58 years, died from a myocardial infarction 17 days after his 
discharge, but his performance before and immediately after treatment was as 
follows: 

Number of Duration of | Mean number 
observations observations of circuits 


Before treatment 5 27 5 months 14-6 
After 21 days’ rest in bed and 270 hours’ i 


The chief difficulty in assessing such beneficial effects as may accrue from this 
form of treatment is to determine how much of the improvement is due to the 
venous occlusion and how much is due merely to rest in bed or the lapse of time. 
In order to clarify this point all patients except the first four were put to bed 
for a week before this treatment was started. In three of the five patients who 
were benefited by venous occlusion there was an appreciable increase in exercise- 
tolerance after the period of rest in bed, and this improvement continued for the 
following two weeks, during which time the patient stayed in bed and also 
received intermittent venous occlusion. In one of the patients there was no 
increase in exercise-tolerance after eight days in bed, but a very striking 
increase after 272 hours’ venous occlusion. The fifth patient had not been seen 
before admission to hospital, so that there was no base-line on which to found 
a comparison. An increase in exercise-tolerance as a result of rest alone was 
demonstrated in two other patients, as shown in the following tables. 

Number of Duration of | Mean number 


observations observations of circuits 
Case 17 (aged 62 years) 


Before rest in bed. 5 15 2 months 9-3 

After 14 days’ rest in bed at home : 2 oe 14 

One month later : ~ 2 10 
Case 16 (aged 57 years) 

Before rest in bed. 15 15 days 16-2 

After 11 days’ rest in bed i in hospital . 2 oe 29-5 


In Case 17 the exercise-tolerance had reverted to its former state within two 
weeks of getting up; Case 16 has remained improved for over eight months. 

From these observations we were left with little doubt that the improvement 
which resulted in patients treated with intermittent venous occlusion might 
equally well be the result of rest in bed. To confirm this belief we arranged for 
two patients to receive treatment with venous occlusion at home, for 380 hours 
and 150 hours respectively. Both continued their normal occupation during 
the day, and used the machine only during their normal resting times. In 
neither patient was there any significant increase in exercise-tolerance. Finally, 
the fifth patient to show improvement with intermittent venous occlusion was 
a man of 52 years who suffered from pain affecting both calves equally. After 
eight days’ rest in bed there was a definite increase in exercise-tolerance. He 
was then given treatment with intermittent venous occlusion to one leg only. 
The subsequent increase in his exercise-tolerance was shared by both legs, and 
the patient continued to develop pain simultaneously in the calves of the 
treated and untreated legs. After 100 hours’ venous occlusion to the left leg, a 
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further 100 hours’ venous occlusion was given to the right leg, no further treat- 
ment being given to the left. Again the improvement continued equally in both 
legs. This observation was repeated on another patient, aged 69 years, who 
showed slight improvement with rest in bed, and who was subsequently treated 
with 100 hours’ venous occlusion to the left leg only, in spite of claudication in 
both calves. The subsequent improvement was shared equally by both legs. 
But in both patients the increase of exercise-tolerance which occurred with 
treatment was such as might well have occurred spontaneously. The observa- 
tions made in these four cases support our belief that the advantage of inter- 
mittent venous occlusion lies in the enforced bed rest, and that venous occlusion 
alone is valueless in the condition. 

2. Vitamin EF. Shute, Vogelsang, Skelton, and Shute (1948) treated a small 
series of cases of peripheral vascular disease with vitamin E, and considered 
that this substance had therapeutic value. Ratcliffe (1949) treated 41 cases of 
intermittent claudication with vitamin E in a dose of 400 mg. daily, and found 
that 34 of these patients were improved. He recommended that treatment 
should be continued for at least three moriths. Boyd, Ratcliffe, Jepson, and 
James (1949) treated 81 cases of claudication with vitamin E; in 32 cases the 
results were classified as good, and in another 32 as an improvement, while the 
remaining 17 patients were unrelieved. We have treated six cases of inter- 
mittent claudication with vitamin E. All che patients were given 400 mg. of 
synthetic vitamin E daily, two patients for a period of six weeks, two for a 
period of seven weeks, one for a period of eight weeks, and one for a period of 
five months. In only one case was there an increase in exercise-tolerance ; the 
details of this case are as follows: 


Number of Duration of | Mean number 
observations observations of circuits 
Before treatment 14 5 weeks 8-5 
After vitamin E for one month 2 ee 
After vitamin E for two months . . 2 aes 
Three weeks after stopping vitaminE . 1 a 25 
Four months after stopping vitamin E . 1 
Seven months after stopping vitamin E . 1 


The maximum improvement occurred four months after the vitamin E had 
been discontinued. In this patient there was obviously considerable variation, 
and the improvement cannot be definitely related to the vitamin E therapy. 
In none of the other five patients treated with vitamin E was there any increase 
in exercise-tolerance. 

3. 2-Benzyl-4,5-imidazoline hydrochloride (tolazoline, ‘priscol’). In 1946 Chess 
and Yonkman showed that ‘priscol’ is both sympatholytic and adrenolytic in 
reference to the control of blood-pressure and salivation. Grimson, Reardon, 
Marzoni, and Hendrix (1948) treated five patients, all suffering from arterial 
disease with skin changes, and considered that ‘priscol’ was a useful adjunct 
to treatment in many cases of peripheral vascular disease. Douthwaite and 
Finnegan (1950) treated 24 male patients suffering from intermittent claudica- 
tion with 50 mg. of ‘priscol’ by mouth, four times daily, for an unspecified 
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period. In 12 of their patients the exercise-tolerance was more than doubled. 
We have treated two groups of patients with ‘priscol’. The first group con- 
sisted of 10 patients treated with 25 mg. of ‘priscol’ four times daily by mouth 
for varying periods of three weeks (six patients), four weeks (one patient), five 
weeks (one patient), six weeks (one patient), and two months (one patient). 
Not one of these 10 patients showed any increase in exercise-tolerance as a 
result of treatment. The second group consisted of eight patients treated 
alternately with inert tablets and with ‘priscol’, for two to four weeks at a 
time, over a period ranging from three to six months. Throughout this time all 
these patients were seen at fortnightly intervals, when an exercise-tolerance 
test was performed. In these cases the experiments were controlled with 
‘dummy’ tablets identical in appearance with the true ‘priscol’ tablets, and 
administered so that neither the patient nor the observer knew when the 
changes were made from control to ‘priscol’ tablets and vice versa. None of the 
patients in the second group showed any increase in exercise-tolerance while 
taking the ‘priscol’ as compared with the control tablets. 

4. Nicotinic acid. Abramson, Katzenstein, and Senior (1940) found that 
nicotinic acid, administered orally in doses of 100-300 mg., more than doubled 
the amount of blood flowing to the hand. We have given this substance to 
10 patients by mouth, in a dose of 100 mg. four times daily, over periods of 
three to six weeks. None of the 10 patients has shown any significant increase 
in exercise-tolerarice. 

5. Methyl testosterone. Edwards, Hamilton, and Duntley (1939) administered 
testosterone propionate in peanut oil by intramuscular injection two to three 
times a week, and found an increase in exercise-tolerance, with relief of pain 
when at rest and a feeling of well-being. Our interest in this substance was 
aroused by one of our patients who was sent some methyl testosterone by a 
relative. His exercise-tolerance tests for the three months before and after 


taking this drug were as follows: 
Number of Duration of | Mean number 


observations observations of circuits 
Three months before treatment . . 14 3 months 18-9 
One week after starting treatment 2 ie 53-5 
One month after starting treatment . Experienced no pain on exertion. 


When the testosterone was finally discontinued after two months’ continuous 
administration, we were unable to produce the pain of claudication in this 
patient, who was still free from pain when last seen six months after the ad- 
ministration of methyl testosterone was discontinued. In this patient a sudden 
improvement occurred after taking methyl testosterone in a dose of 10 mg. per 
day for a week. It was difficult to imagine that this amount of testosterone had 
been responsible for such a dramatic change. We accordingly gave this sub- 
stance, in the same dose of 5 mg. twice daily by mouth, to nine other patients 
for periods of three weeks to six weeks, without effecting any increase in the 
exercise-tolerance. 

6. Papaverine hydrochloride. Allen, Barker, and Hines (1946) stated that 
papaverine improves the peripheral arterial circulation, and Mulinos, Shulman, 


. 


THE TREATMENT OF INTERMITTENT CLAUDICATION 177 


and Mufson (1939) found the drug of value in the treatment of Raynaud’s 
disease. We have given this drug by mouth in a dose of two grains four times 
daily to 10 patients for periods of three to eight weeks. Two patients showed 
slight increases in exercise-tolerance while taking papaverine; these increases 
fell within the range of spontaneous improvement noted in Table I. None of 
the remaining eight patients showed any improvement. 

7. Tobacco. Maddock and Coller (1932) studied 20 patients, and found that 
there was a rise in pulse-rate and blood-pressure, and a fall in skin temperature, 
while the patients smoked tobacco. Wright and Moffat (1934) and Barker (1933) 
confirmed the fall in skin temperature, and attributed the change to the nicotine 
inhaled while smoking. Seven of our patients who were heavy smokers (over 
15 cigarettes a day) gave up smoking completely and suddenly. In none was 
there any increase in exercise-tolerance in the two months after smoking was 
stopped, during which time no other treatment was given. On the other hand, 
one patient treated with testosterone, in whom the most conspicuous improve- 
ment was seen, had stopped smoking four months before treatment with testo- 
sterone was started, but during those four months his exercise-tolerance had 
remained stationary, subject to normal variation. Similarly, the patient who 
showed the spontaneeus improvement illustrated in Fig. 1 stopped smoking at 
the time when the observations began. 

8. Aminophylline. Although Scupham (1934) considered that theobromine 
improved the peripheral circulation, subsequent observers (McGovern, McDevitt, 
and Wright, 1936) failed to confirm this impression. We have up to date 
treated seven patients with aminophylline by mouth, in a dose of 0-2 gm. four 
times daily. One patient showed a slight increase in exercise-tolerance, which 
was within normal variation, but no effect was observed in the remaining six. 

9. Dihydroergotamine. Nickerson (1949), reviewing the pharmacology of 
adrenergic blocking agents, found considerable discrepancies in the value of 
ergot preparations in the treatment of peripheral vascular diseases. Hayes, 
Wakim, Horton, and Peters (1948) found an increase in the peripheral blood- 
flow in the lower extremities after the intravenous injection of dihydroergocor- 
nine. Bluntschli and Goetz (1948) considered the effect of dihydroergotamine 
on the peripheral circulation in normally innervated limbs to be like that of 
ergotamine, a mixture of the direct effect on the peripheral vessels and a 
paralysis of sympathetic impulses, but thought the direct effect on the vessels 
to be less marked with dihydroergotamine than with the original compound. 
We have treated 10 patients with a 15 per cent. solution of dihydroergotamine 
by mouth, in a dose of 0-7 to 1-0 ml. three times daily, for periods of from three 
to seven weeks in nine cases, and only two weeks in one. In none of these 
patients was there any increase in exercise-tolerance. 

10. Lumbar sympathectomy. Allen, Barker, and Hines (1946) and Adson and 
Brown (1932) considered lumbar sympathectomy to be of considerable value 
in the treatment of thromboangiitis obliterans. Boyd, Ratcliffe, Jepson, and 
James (1949) treated 63 patients with intermittent claudication by lumbar 
sympathectomy; 37 were reported as showing ‘good improvement’, 15 as 
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showing moderate improvement, and 11 as showing no improvement. In none 
of these patients was any assessment of the effects of rest in bed recorded. That 
improvement undoubtedly occurs with rest alone was demonstrated in some of 
our patients treated with venous occlusion. Shepherd (1950) studied eight cases 
by means of a combined ergograph and plethysmograph before and after lumbar 
sympathectomy, and found neither an increase in exercise-tolerance nor an 
increased blood-flow after exercise in any case after sympathectomy. Only two 


TABLE IT 
Summary of Long-Term Treatments 


Period over 


which treatment patients significant 
Treatment Amount was given treated improvement 

Intermittent venous 

occlusion - 60-380 hours 16 2 
Vitamin E - 400mg./day weeks—5 months 11 1 
Tolazoline (‘priscol’) . 75-150 mg./day 3 weeks—4 months 18 0 
Nicotinic acid . - 400 mg./day 3-6 weeks 10 0 
Methyl testosterone . 10mg./day 3-6 weeks 10 1 
Papaverine . ‘ 8 gr./day 3 weeks—2 months 10 0 
Amfinophylline . 0-8 gm./day 1 month 0 
Dihydroergotamine . 3-4-5 mg./day 2-7 weeks 10 0 
Lumbar sympathec- 

tomy . 2 0 


patients of our series have undergone lumbar sympathectomy. In both the 
operation was performed to prevent the development of gangrene, and was 
successful in this respect. In one the exercise-tolerance was not influenced by 
operation ; the other patient experienced no pain of claudication when exercised 
one week after operation. One week after discharge from hospital the latter 
patient developed severe pain in the groin and thigh of the affected limb. This 
pain, which was present at rest, and was associated with an area of hypalgesia 
over the medial aspect of the left thigh, was sufficiently severe to prohibit 
further exercise-tolerance tests. 

11. Tenotomy. Boyd, Ratcliffe, Jepson, and James (1949) reported that 
tenotomy of the Achilles tendon gave favourable results in selected cases. So 
far only four of our patients have been treated by this operation. The first, a 
man with left-sided claudication, experienced complete relief from pain after 
the operation. Four months after discharge from hospital he suffered a myo- 
cardial infarction, and was admitted to another hospital, from which he is now 
(six months later) awaiting discharge. The second patient is still free from pain, 
although only two months have elapsed since the tenotomy ; but he still experi- 
ences great difficulty in walking as a result of the operation, and finds the 
inability to walk fast as great a disability as the original claudication. The 
third is a man who for three years had experienced claudication in the left calf. 
A thrombosis of the right popliteal artery led to an even greater restriction of 
exercise-tolerance due to claudication in the right calf. After a right Achilles 


Number of 
patients 
| Number showing 
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tenotomy he has now reverted to his original state, and once again his exertion 
is limited by pain in the left calf. The fourth patient underwent a tenotomy 
only 10 weeks ago, and is now free of the pain of claudication, although he 
suffers from some slight discomfort in the groin and knee of the affected limb 
after prolonged walking. 


Short-Term Treatments 
In this section we are concerned with substances which, given usually by 
injection, produce a rapid effect. The exercise-tolerance test was performed 
while that effect was at a maximum. The following substances were used. 


DURATION OF PAIN 


DURATION OF 
EXERCISE 


NUMBER OF 
CIRCUITS 


MEAN TIME PER CIRCUIT 


SECONDS 


ail 1 1 1 
0 10 180 
TIME IN MINUTES 


Fia. 3. The effect of intravenous injection of normal saline 
and of 10 mg. of ‘priscol’ on the exercise-tolerance. 


1. Nitrites, given orally as one tablet (gr. 1/120, or 0-5 mg.) of glyceryl 
trinitrite, to be sucked before and during the exercise-tolerance test, to 16 
patients. 

2. Adrenaline, given by subcutaneous injection in a dose of 0-6 to 1-2 mg. to 
16 patients. 

3. Nicotinic acid, given by intravenous injection in a dose of 50 mg. to 
17 patients. 

4, Tetra-ethyl ammonium bromide, given by intravenous injection, initially in 
a dose of 200 mg. This dose produced such intense vertigo that the patients 
were quite unable to walk over the steps, so the dose was finally reduced to 
75 mg. by intravenous injection ; this did not cause any severe symptoms refer- 
able to the hypotension, and was given to 10 patients. 
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5. Tolazoline (‘priscol’), given by intravenous injection in a dose of 25 mg. 
to 16 patients. 

6. Dihydroergotamine, given in a dose of one mg. by intravenous injection to 
16 patients. 

7. Padutin, given in a dose of four to six units by intravenous injection to 
16 patients. 

On each occasion the administration of the substance under test has followed 
the trial of an inert control substance, such as one ml. of normal saline, glucose 
solution, or 2 per cent. procaine, by injection, or, as a control for glyceryl trinitrite, 
an inert chocolate-coated tablet of similar appearance and size given by mouth. 
In all cases an interval of at least 10 minutes has elapsed between the administra- 
tion of the control (and the subsequent exercise-tolerance test) and the ad- 
ministration of the active substance, and during this time the patient has been 
at rest, sitting on a chair. In no case were we able consistently to produce an 
increase in exercise-tolerance which we could attribute to the action of the drug. 
On several occasions the injection of normal saline, given as a control procedure, 
produced a greater effect than the substance under investigation (Fig. 3). 


Discussion 

The purpose of the present investigation was to decide whether a selected few 
of the treatments which have been described as effective in the treatment of 
intermittent claudication did, in fact, increase the exercise-tolerance of patients 
suffering from this complaint. With this aim in view we have given a total of 
200 individual treatments to patients; and of this total number of treatments 
given 107 have been what we have called ‘short-term treatments’, that is, a 
single dose of a drug given on one occasion only, at one visit. The poor results 
achieved are hardly surprising, since it is hard to imagine any one drug, given 
on one occasion only, producing an appreciable increase in blood-flow through 
limb-vessels which are sufficiently obstructed to cause claudication. At the 
time that the pain develops, the vessels in the muscles are under the influence 
of local metabolites which are powerful vasodilators, and it is improbable that 
any drug will produce further vasodilatation in such circumstances. In these 
experiments one important point was demonstrated, namely, the large psycho- 
logical effect which may be produced by any treatment involving intravenous 
injection. In some cases normal saline so given led to a threefold improvement 
in the exercise-tolerance. This effect was noted even in severe cases of peripheral 
arterial disease, and it is a factor which must be taken into account whenever 
any spectacular form of treatment is employed. On the other hand, the failure 
of the long-term treatments to be effective is more surprising, and is certainly 
depressing. Of all the patients who received long-term treatments, improve- 
ment has been noticed only in two patients treated with intermittent venous 
occlusion, in one patient treated with vitamin E, and in one patient treated 
with methyl testosterone. Three other patients improved under treatment with 
venous occlusion, but we demonstrated that their improvement was due to the 
rest in bed. In the patients who received intermittent venous occlusion and 
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improved, the sites of arterial obstructions, as determined by the absence of 
palpable pulses, oscillometry, and reactive hyperaemia tests, were not con- 
sistently different from those found in the patients who did not improve. This 
leaves us with only four instances in which improvement might be attributed 
to the treatment which we have given. We have described the fluctuations in 
exercise-tolerance which are so typical a feature of this disease, and have given 
as an illustration one case in which a spontaneous recovery occurred while the 
patient was taking inert tablets. It is possible, and we think highly probable, 
that the increased exercise-tolerance in these four patients was due to a spon- 
taneous recovery, and was unrelated to the treatment given. In the two 
patients who improved after taking vitamin E and methyl testosterone we 
consider that treatment with the drug was started shortly after a recent arterial 
obstruction. It is well recognized (Silbert, 1938; Boyd, Ratcliffe, Jepson, and 
James, 1949) that for three to six months after such an obstruction the exercise- 
tolerance shows progressive improvement; it seems more probable that the 
improvement which we observed in these two patients was that which may 
follow an arterial obstruction, rather than a response to therapy. 

Whether the patients who improved did so as a result of treatment or for 
some quite irrelevant reason, our results certainly differ from those of other 
workers. There are several possible explanations for this discrepancy, namely, 
that our assessment of therapeutic action may be faulty, that the treatments 
have been given for inadequate periods, that we have given the treatments to 
the wrong type of patient, and that, as we suspect, these treatments are in fact 
ineffective. These possibilities will be considered in order. 

1. Assessment of effects, and duration of treatment. The only two criticisms 
which can be raised against our technique of assessing therapeutic activity are 
directed against the method of estimating exercise-tolerance. The first is that 
we have had no control over the rate at which the patient walks ; this we con- 
sider unimportant, since the variation in the rate of walking of any one patient 
was so slight as to be insignificant, as we have already shown. The second 
criticism is that suggested by Shepherd (1950), that by simple exercise-tolerance 
tests it is impossible to decide whether any improvement which results from 
treatment is due to an increased blood-flow or to an analgesic effect of the 
drug ; but since the treatments used failed to relieve the pain of claudication, 
this criticism does not apply. Ratcliffe (1949) and Boyd, Ratcliffe, Jepson, and 
James (1949), in discussing treatment with vitamin E, stated that in every case 
which responded to vitamin E therapy there was noticeable objective improve- 
ment after two months. The only patient of our series who improved while 
taking vitamin E showed increases in exercise-tolerance which could not be 
strictly correlated with the taking of the drug. Furthermore, an undoubted 
spontaneous improvement of a greater order subsequently occurred in this 
patient when he was receiving no treatment. Although most of our patients 
who received vitamin E did so for periods of only six to eight weeks, they were 
all seen at frequent and regular intervals, so that, had any subjective or objec- 
tive improvement occurred, it would have been noticed, and the treatment 
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would have been continued. Since no improvement was observed except in the 
one patient mentioned above, we did not proceed with courses longer than those 
stated. But in view of the discrepancy between our results and those of Rat- 
cliffe (1949), further trials over longer periods are being carried out. Such 
prolonged treatment raises the difficulty that the longer a treatment is given, 
the greater is the possibility of a spontaneous change. This argument may be 
applied to treatment with any drug, and for this reason we have in general 
restricted the treatment to periods not exceeding two months, since we consider 
that if the drug is effective some improvement should be noticed within that 
time. 

2. Type of patient. Boyd, Ratcliffe, Jepson, and James (1949) classified their 
cases according to the response to continued exertion once pain has developed: 
in Group 1 the pain disappears if exertion be continued; in Group 2 the pain 
reaches a maximum intensity, and maintains a steady level until exercise 
ceases ; in Group 3 the pain, once developed, rapidly increases in severity with 
continued exertion, bringing the patient to a halt. They regarded the patients 
in Group 1 as having a minimal interference with arterial flow, those in Group 3 
as being grossly affected, and those in Group 2 asintermediate. They maintained 
that the treatment should be different for each group: patients in Group 1 
would be relieved by ‘almost anything’, for patients in Group 2 they found 
both vitamin E and lumbar sympathectomy effective, and the majority of 
patients in Group 3 required an Achilles tenotomy for the relief of their pain. 
We classified the majority of our patients similarly by making them continue 
walking after the development of pain. In no case did the pain disappear with 
continuation of the exercise over the steps. Nine patients were able to proceed 
with the walking without the pain becoming more severe. In 24 the pain even- 
tually stopped the exercise test. In the few cases in which improvement 
occurred, it did so equally in the two groups. Similarly there was no correla- 
tion between the severity of the initial restriction of exercise-tolerance and 
any subsequent improvement. The above considerations force us to accept the 
fourth explanation for the failure of our patients to respond to treatment, 
namely, that the medical treatments which we have given are ineffective 
in increasing the exercise-tolerance of patients suffering from intermittent 
claudication. 


We should like to thank Professors G. W. Pickering and E. J. Wayne for 
advice and helpful criticism. We are grateful to them and to Dr. J. W. Litch- 
field, Dr. T. A. Kemp, and Mr. A. Dickson Wright, for permission to study 
patients under their care. 


Summary 


1. The treatment of 40 patients suffering from intermittent claudication, and 
the method of assessing results, are described. Considerable fluctuations in 
exercise-tolerance, and spontaneous improvement, may occur and must be 
taken into account before any success is attributed to specific therapy. 

2. The treatments consisted of 11 different therapies given over a prolonged 
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period, in addition to single administrations of seven different drugs. The effects 
of vitamin E, tolazoline (‘priscol’), methyl testosterone, nicotinic acid, dihydro- 
ergotamine, papaverine, and aminophylline were investigated, in addition to 
treatment by intermittent venous occlusion, lumbar sympathectomy, and 
tenotomy. 

3. The vast majority of these 40 patients failed to show any improvement as 
a result of treatment. 

4. None of the forms of drug therapy used has shown an increase in exercise- 
tolerance beyond that occurring naturally in the course of the disease, or beyond 
that produced by inert preparations. 

5. Tenotomy, performed on four patients, has given relief of pain to all, 
although leaving a residual disability. In one patient this disability was as 
severe as that due to the original claudication. 
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OBLITERATIVE DISEASE OF THE ABDOMINAL AORTA 
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BENJAMIN BrRopiE (1846) described obliteration of the iliac artery in two illus- 
trative cases of senile gangrene, and Charcot (1858) based his original description 
of intermittent claudication on a patient in whom he had found at necropsy an 
aneurysm and obstruction of the common iliac artery. Obliterative arterial 
disease affecting vessels proximal to the inguinal ligament has been recognized 
since then as a possible cause of this symptom, but references in the literature 
to obstruction of the iliac arteries are few. Chabanier and Porin (1932) reported 
a patient with gangrene of the extremities and absence of pulsations in the legs 
on oscillography, who at post-mortem proved to have thrombotic obliteration 
of both common iliac vessels. Linton (1943) described a case of sudden throm- 
bosis of the left external iliac artery. This event followed an operation for the 
removal of an ovarian tumour, when the left internal iliac artery was tied. The 
patient made a good recovery, and two and a half years later complained only 
of some fatigue of the left leg after walking one mile. Leriche (1946) discussed 
cases of iliac arterial obstruction, and Leriche, Kunlin, and Boély (1950), in a 
paper on aortography, showed several examples of the condition, without giving 
clinical details. Allen, Barker, and Hines (1946) stated that occlusion of the 
iliac arteries might be a cause of intermittent claudication, but did not record 
its incidence or give details of their cases. Lindbom (1950), in a careful radio- 
logical study, found it in 8 per cent. of 76 patients with intermittent claudica- 
tion. Boyd, Ratcliffe, Jepson, and James (1949) and Boyd (1950), in a series of 
1,000 cases of intermittent claudication, did not report obstruction of the iliac 
arteries. Thrombosis of the external iliac artery following lower abdominal 
injury in young men has recently been described by Boyd and Jepson (1950). 
In their cases recovery was rapid and the outlook was good, presumably because, 
in the absence of chronic arterial disease, an excellent collateral circulation 
developed. References in the literature to obliterative disease of the abdominal 
aorta have been more numerous. Graham, in a communication to the Medico- 
Chirurgical Society of London in 1814, referred to a pathological specimen 
belonging to Allan Burns which showed the aorta and iliac vessels plugged with 
laminated clot; no clinical details of the case were given. Welch, in 1909, col- 
lected from the literature 59 examples of obstruction of the lower abdominal 
1 Received June 20, 1951. 
Quarterly Journal of Medicine, New Series XXI, No. 82, April 1952. 
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aorta. Of these he ascribed 45 to embolism and 14 to thrombosis. The cases of 
embolism occurred mainly in patients with mitral stenosis, producing the strik- 
ing clinical picture which follows saddle-embolism of the aortic bifurcation. In 
some cases of thrombosis the onset was insidious, with numbness of the legs and 
intermittent claudication. In 1943 Greenfield fully reviewed the literature: he 
collected 161 previously published cases, and added five of his own. Leriche 
(1940, 1946) and Leriche and Morel (1948) described in detail the clinical picture 
of thrombotic obstruction of the aortic bifurcation, a syndrome which is often 
called by his name. The symptoms in his cases characteristically occurred in 
both legs. In the last 10 years many cases of lower abdominal aortic obstruc- 
tion have been described (Keith and Horton, 1940; Lueth, 1940; Cleland, 1944; 
Diamond, 1945; Paul, 1947; Price and Wagner, 1947). Recently Elkin and 
Cooper (1949) described 10 cases seen within a period of 20 months. 

Examination of 53 consecutive cases of intermittent claudication led us to 
conclude that arterial obstruction above the inguinal ligament is more common 
than previous reports suggest. It occurred in eight (15 per cent.) of 53 consecu- 
tive patients with intermittent claudication whom we examined, and we were 
allowed by the courtesy of colleagues to see three other cases. We re-examined 
the clinical findings in this group of patients, to determine whether they differed 
from the findings in patients with intermittent claudication due to obliterative 
arterial disease affecting the vessels distal to the inguinal ligament. We describe 
below the 11 cases examined, our methods of investigation, and the criteria 
for the diagnosis of the condition, with a note on treatment and on some of the 
problems presented. We have divided the 11 cases into two groups: 

1. A group of eight cases in which the diagnosis was proved either by aorto- 
graphy (seven cases), or by arteriographic demonstration of normal lower-limb 
vessels in the presence of unequivocal evidence of obliterative vascular disease 
(one case). Of these eight, seven were cases of iliac and one of aortic obstruction. 

2. A group of three cases in which the diagnosis rested on clinical and tonoscillo- 
graphic evidence. These were cases of iliac arterial obstruction. 


Methods of Investigation 

General. In addition to a complete clinical examination, radiographs of the 
chest, pelvis, hip joints, and legs were carried out in all cases. A full blood count, 
Wassermann reaction, urine examination, and determination of thevital capacity, 
blood-urea, and blood-cholesterol were routine procedures. No reference to 
these investigations is made in the case reports unless the results were abnormal. 

Tonoscillography after exercise. This investigation was carried out with 
Ejrup’s tonoscillograph (Ejrup, 1948; McDonald and Semple, 1952) which 
graphically records the pulsations in a limb every 30 seconds. Recordings are 
taken at the ankle, calf, and thigh before and after exercise. Normal subjects 
show an increased amplitude of pulsations after exercise (normal reaction), 
but patients with arterial obstruction show a disappearance or decrease of 
pulsations distal to the site of obstruction (inverse reaction). 

Aortography. Aortograms were taken in seven cases in the series. Under 
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general anaesthesia 20 to 30 ml. of 70 per cent. diodone were injected directly 
into the abdominal aorta through a posterior approach. Details of the method 
used have been described by Semple and Whiteside (1951). 

Femoral arteriography. Femoral arteriograms were performed by Dr. David 
Sutton. The femoral artery was punctured percutaneously, and one or more 
injections of 20 ml. of 42 per cent. diodone were made, after which serial radio- 
graphs of the thigh and leg were taken. 

Case reports are given in the Appendix, and the clinical features of the 11 
cases are summarized in the Table. 


Discussion of Clinical Features 

In the following discussion only those patients (Cases 1 to 8) will be considered 
in whom the diagnosis was considered to be proved. The clinical features of 
these cases, and of the other group (Cases 9 to 11), are shown in the Table. Of 
these eight cases seven occurred in male patients, and the range of age was 
from 45 to 64 years. This age and sex incidence is similar to that found in cases 
of intermittent claudication due to obliterative arteriosclerosis of the vessels 
of the leg. 

Symptoms and signs. The presenting symptom in all cases was intermittent 
claudication ; its duration when the patients were first seen varied from seven 
months to three years. Pain was present in the calf in all cases (100 per cent.), 
in the thigh in six of the eight cases (75 per cent.), in the foot in five cases (62 
per cent.), and in the buttock in only one case (12 per cent.). The two patients 
who did not suffer from pain in the thigh had had their activities much reduced 
by the occurrence of gangrene of the toes. In contrast, 43 cases of intermittent 
claudication due to obliterative arterial disease of more distal vessels showed 
an incidence of thigh pain of 25 per cent. The pain was in all cases ischaemic in 
type, coming on only on walking and disappearing after rest. Leriche (1946) 
stated that patients with obstruction of the iliac artery may suffer from pain 
in the buttock on walking, but this occurred in only one (Case 3) of our cases. 
Boyd and Jepson (1950), describing two cases of thrombosis of the external 
iliac artery in young men, noied that they complained of pain in the calf and 
thigh on walking. Halsted (1912), after tying the common iliac artery for 
aneurysm, was able to follow his patient’s progress for three years. He recorded 
pain and weakness of the affected leg on walking as being the main symptom. 
Pain in the calf and hip was present in all the cases of aortic thrombosis described 
by Elkin and Cooper (1949), but Leriche (1940) and Leriche and Morel (1948) 
found weakness on walking to be the more prominent symptom. This weakness 
of the legs is referred to by other workers in cases of iliac arterial obstruction 
(Linton, 1943; Boyd and Jepson, 1950). In aortic obstruction it was reported 
as a prominent feature by Elkin and Cooper (1949). A sense of weakness was 
not a notable symptom in our patients, being present in two (Cases 3 and 4); 
in the others, if it occurred at all, it was overshadowed by pain. Impotence due 
to inability to maintain erection was the presenting symptom in many of 
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Leriche’s cases of aortic obstruction (Leriche, 1940, 1946; Leriche and Morel, 
1948), but Elkin and Cooper (1949) noted it in only half of their cases. Our 
patient with aortic obstruction did not complain of it. 

Details of the main physical findings in our patients are shown in the Table. 
The femoral pulse was absent on the affected side in two cases, and on both 
sides in the patient with aortic obstruction. In the remainder the pulse, though 
palpable, was weaker on the affected side and was perceptibly delayed. Pulses 
distal to the femoral were generally not present, except in one case in which all 
were present and in one where the posterior tibial pulse could be felt. Nutri- 
tional changes of the toe-nails and of the skin of the feet were present in four 
patients, one of whom had gangrene of the toes and two (one the aortic case) 
developed indolent ulceration ; the remaining patient had thickening and dis- 
tortion of the toe-nails. In aortic obstruction Leriche (1940, 1946) emphasized 
the absence of nutritional changes in the feet, but this finding was not con- 
firmed by Elkin and Cooper (1949). In this connexion the work of Halsted 
(1912) is of interest. He analysed 30 reported cases in which the common iliac 
artery had been ligated, mainly for aneurysm, and in two only was the occur- 
rence of gangrene directly attributable to the ligation. In our series it is per- 
haps worth noting that in the three cases in which there were known to be no 
changes in the limb vessels there were no nutritional changes of the feet. In 
six of our seven proved cases of iliac arterial obstruction slight but definite 
wasting and hypotonia of the buttock on the affected side was apparent, and in 
five there was a reduction in the circumference of the affected thigh, varying 
from a half to one inch, compared with the normal side. The remaining patient 
was bedridden with gangrene, and these signs were not sought. Thus there was 
an incidence of buttock wasting and hypotonia of 100 per cent., and of thigh 
wasting of 83 per cent., of the cases in which these signs were sought. Examina- 
tion of 14 proved cases of femoral or popliteal arterial obstruction indicated that 
these signs might be useful in the diagnosis between such obstruction and arterial 
obstruction proximal to the inguinal ligament. Thus of 14 proved cases of femoral 
or popliteal arterial obstruction, wasting of the thigh was evident in only three. 
Twelve of these 14 patients were examined for wasting of the buttock, and in 
only one was wasting and hypotonia present. Leriche (1946) mentioned hypo- 
tonia of the buttock as occurring in patients with iliac arterial obstruction, but 
stated that wasting of the thigh may be lacking. The same author described a 
‘global atrophy’ of both legs in the aortic bifurcation syndrome. Of our seven 
proved cases of iliac arterial obstruction, two patients had symptoms and 
clinical signs of obliterative arterial disease of the other leg ; in four the opposite 
leg, though symptom-free, showed tonoscillographic changes after exercise 
which were indicative of femoral or popliteal arterial obstruction ; only one had 
no evidence of arterial disease in the other leg. 


Tonoscillography after Exercise 
This was carried out, as described, in six of the cases of iliac arterial obstruc- 
tion. The remaining patient was too ill, and the patient with aortic obstruction 
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had no recordable pulsations in the legs. In all six there was a prolonged dis- 
appearance, or diminution in the magnitude, of pulsations after exercise (inverse 
reaction) at the ankle, calf, and thigh on the affected side. All of 12 patients 
with femoral arterial obstruction similarly examined showed, in comparison, 
inverse reactions at the ankle and calf; ten had normal reactions at the thigh 
after exercise. In the remaining two there were inverse reactions at the thigh, 
but these were of much shorter duration than in the cases of iliac arterial ob- 
struction. In Fig. 1 are shown tracings from the thigh before and after exercise 
in a normal subject, in a case of femoral arterial obstruction with an inverse 
reaction at the thigh, and in a case of iliac arterial obstruction. 


Aortographic and Arteriographic Findings (Plate 4, Figs. 2, 3) 

Abdominal aortography was carried out in seven of the eight patients. In 
four there was complete obstruction of one or other common iliac artery at the 
point of origin from the aorta, and in the fifth there was gross narrowing at the 
same level. The sixth case showed narrowing of the common iliac artery and 
complete obstruction of the external iliac artery. In five cases there was some 
filling, via collaterals, of the external iliac or femoral arteries distal to the 
obstructed area. In the seventh case the aorta was presumed to be obstructed, 
though the actual level of the block was not shown because the films had not 
been taken high enough. There was no filling of the aortic bifurcation, though 
the inferior mesenteric artery was filled, and there was no periarterial collection 
of contrast medium. In five of the patients with iliac arterial obstzuction the 
lower inch of the aorta was much narrowed, and in two of the others the ap- 
pearances suggested marked atheroma of the aorta. Femoral arteriograms 
were carried out in three of the cases in the series, including two in which iliac 
arterial obstruction had been directly demonstrated, and in all three the 
femoral, popliteal, and the upper parts of the tibial arteries were shown to be 
normal. 


Di 

In patients with intermittent claudication there may be several features 
which suggest the diagnosis of arterial obstruction above the inguinal ligament. 
Pain on exercise extending high into the thigh, an imperceptible, weak, or 
delayed femoral pulse, and wasting of the thigh and buttock on the affected 
side are important. Nutritional changes may be absent. Obstruction of the 
common iliac artery is compatible with palpable pulses throughout the leg 
(Case 5). In aortic obstruction impotence may be the presenting symptom. A 
prolonged inverse reaction at the thigh on tonoscillography after exercise will 
make the diagnosis almost certain, even without arteriographic confirmition. 
In intermittent claudication which is due to femoral or popliteal arterial 
obstruction, pain in the thigh is less common, the femoral pulse is neither 
weakened nor delayed, wasting of the thigh and buttock is generally absent, 
and on tonoscillography after exercise a normal response is obtained at the thigh. 
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Treatment 

Treatment was conservative in all our cases except two. One of these two 
patients had a bilateral amputation for gangrene, and one (Case 2) a modified 
thoraco-lumbar ganglionectomy. In this latter case the ultimate result is not 
yet clear. Of the six patients treated conservatively none had deteriorated, 
and two had shown slight improvement, in the short period of follow-up. 
Lumbar ganglionectomy, with or without the removal of the thrombotic seg- 
ment, has been advocated and carried out by other workers (Leriche, 1940, 
1946; Leriche and Morel, 1948; Elkin and Cooper, 1949; Boyd and Jepson, 
1950). In this connexion it is perhaps a valid point that two physicians included 
in the series of Elkin and Cooper (1949) refused operation on the grounds that 
their symptoms were not sufficiently severe to warrant it. Reboul and Laubry 
(1950) performed ‘disobliterative endarterectomy’ in cases of major arterial 
obstruction, removing the intima and part of the media with the clot, and 
reported six cases in which this operation had been performed in ilio-femoral 
arterial obstruction. Of these six endarterectomies three remained patent up to 
28 months after operation. This operation may prove useful in the relief of 
arterial obliteration, although its effectiveness may be limited by the generalized 
nature of the arterial disease. But the possibility of this or other types of 
arterial surgery (dos Santos, 1947; Holden, 1950; Lian and Welti, 1950) makes 
the accurate location of the site of arterial obstruction in these patients increas- 
ingly important. 

Discussion 

The occurrence of arterial obstruction above the inguinal ligament in eight 
cases out of 53 consecutive cases of intermittent claudication is evidence of its 
frequency. It is possible, as suggested by Boyd and Jepson (1950), that cases 
of intermittent claudication with normal thigh- and leg-vessels which in the 
past have been labelled as ‘angiospastic claudication’ were cases of aortic or 
iliac arterial obstruction. A patient reported by Lindqvist (1945) as a possible 
example of angiospastic claudication was later shown on aortography to have 
proximal arterial obstruction (Lindqvist, 1948). The condition results from 
extensive atherosclerosis of the iliac arteries and lower end of the aorta. Ob- 
servation in the autopsy room shows that this is a common site of severe 
atherosclerosis. Leriche (1946) suggested that thrombotic obliteration of the 
aortic bifurcation might begin as a thrombosis of one or other common iliac 
artery. Certainly in two of our patients (Cases 4 and 6) there was narrowing of 
the last inch of the aorta, and in all the remaining arteriographed cases the 
obstruction was situated at the origin of the affected common iliac artery. The 
symptoms are not more severe than those found in obliterative arterial disease 
affecting the more distal vessels. The collateral circulation in obstruction of the 
common iliac artery was well described by Linton (1943). He pointed out that 
occlusion of the common iliac artery alone appears to be much less serious in its 
effects than when the external iliac artery is also involved. In the former case 
a good collateral circulation develops via the anastomoses in the pelvis between 
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the internal iliac arteries, and then by retrograde flow up the ipsilateral internal 
iliac into the external iliac artery. Other collateral channels are via the super- 
ficial and deep epigastric arteries to the external iliac and femoral arteries, and 
via the lumbar and iliolumbar arteries, through the deep circumflex iliac artery, 
to the lower part of the external iliac artery. There are also collateral channels 
through the haemorrhoidal arterial system. The prognosis in these cases is 
better than would at first seem likely in the presence of such a major arterial 
obstruction. Leriche and Morel (1948) observed their patients from one to four 
years after sympathectomy, and all remained well. In the series described by 
Elkin and Cooper (1949) symptoms ha been present for two to 12 years. The 
duration of symptoms in the present series varied from seven months to three 
years, and the patients are still under observation. 
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APPENDIX 


Case Histories 


Group 1. Cases in which the diagnosis was proved either by aortography or by 
arteriography (Cases 1 to 8). 


Case 1. Male, aged 45. Publican 


First seen in March 1950, with one year’s history of ischaemic pain on walking 
in the front of the right ankle, and in the lower leg and thigh. He had fractured 
his right tibia and fibula in 1941. He smoked 20 cigarettes a day. On examina- 
tion he was a heavily built man. The blood-pressure was 110/70 mm. Hg. All 
pulses except the popliteal were felt in the left leg ; the right femoral pulse was 
palpable, but weak compared with the left. No pulses were felt distal to the 
femoral in the right leg. There was wasting and drooping of right buttock. 
The right thigh was half an inch less in circumference than the left; the cir- 
cumference of the calves was equal. No nutritional changes were seen in the 
nails or in the skin of the feet. There was muscle-tenderness of the right calf 
and thigh. Physical examination was otherwise negative. 


Investigations 

Tonoscillography after exercise. Prolonged disappearance of pulsations at the 
right calf and thigh. 

Radiography. Some calcification in the right iliac and left posterior tibial 
vessels. 

Aortography. Complete occlusion of the right common iliac artery at its 
origin, extending distally for about two inches; internal and external iliac 
arteries filled through*collaterals. The iliac arteries on the left side, and the 
aorta, appeared normal. 

Femoral arteriography. Normal femoral, popliteal, and tibial vessels. 


_ Treatment. He was treated conservatively, and advised to stop smoking. 
Ten months later his symptoms and general condition were unchanged. 
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Case summary. A case of complete occlusion of the right common iliac artery 
with normal vessels in the thigh and leg. 


Case 2. Male, aged 54. Librarian 


First seen in January 1951, with 15 months’ history of ischaemic pain on 
walking in the right foot, calf, and thigh, and occasionally a dull ache in the same 
area at night. He smoked 20 cigarettes a day. On examination he was slightly 
obese. The blood-pressure was 130/80 mm. Hg. All pulses except the popliteal 
were felt in the left leg ; only the posterior tibial pulse was felt on the right side. 
There was hypotonia of the right buttock, but no apparent wasting. The cir- 
cumference of the right thigh was half an inch less than that of the left ; that of 
the left calf was three-quarters of an inch less than the right. There was tender- 
ness of the calf muscles on both sides. No nutritional changes were seen in the 
nails or skin of the feet. Physical examination was otherwise negative. 


Investigations 


Tonoscillography after exercise. Prolonged disappearance of pulsations at the 
right ankle, calf, and thigh (Fig. 1). 

Radiography. Calcification in both femoral arteries. 

Femoral arteriography. Normal right femoral, popliteal, and tibial arteries. 

Aortography. Irregularity of the lumen of the aorta, and gross narrowing of 
the right common iliac artery at its origin, through which there was poor filling 
of the iliac and femoral arteries. Left iliac arteries normal. 


Treatment. The right 11th and 12th thoracic and Ist lumbar sympathetic 
ganglia were removed by Miss D. Beck, as preliminary tests had shown a 
maximal rise in skin-temperature of the right foot when the 11th and 12th 
thoracic ganglia were infiltrated with procaine. It is still too early to assess the 
ultimate result, but when the patient was last seen two months after operation 
there had been little improvement in walking capacity. 


Case summary. A case of partial occlusion of the right common iliac artery 
with normal vessels in the thigh and leg. 


Case 3. Male, aged 58. Office messenger 


First seen in August 1950, with a seven months’ history of ischaemic pain on 
walking in the left thigh and leg. There was occasional pain in the left buttock 
on climbing hills. There were no other symptoms. He smoked three to four 
ounces of tobacco a week. On examination he was of a slight build. The blood- 
pressure was 120/75 mm. Hg. All pulses were palpable in the right leg. The 
left femoral pulse was weak and delayed compared with the right. No pulses 
distal to the femoral were felt in the left leg. There was drooping and wasting 
of the left buttock. The circumference of the left thigh was half an inch less 
than that of the right ; the circumference of the calves was equal. No nutritional 
changes were seen in the nails or skin of the feet. There was muscle-tenderness 
of the left calf. Physical examination was otherwise negative. 


Investigations 

Tonoscillography after exercise. Prolonged disappearance of pulsations at the 
left ankle, calf, and thigh. 

Radiography. Some calcification in the aortic arch. 

Aortography (Plate 4, Fig. 2). Irregularity of the lumen of the aorta, and 
complete occlusion of the left common iliac artery at its origin ; left internal and 
external iliac arteries filled through collaterals. Right iliac arteries normal. 
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Treatment. He was treated conservatively, and advised to stop smoking. 
Some months later he had increased his walking distance from 200 yards to 
three-quarters of a mile. 


Case summary. A case of complete obstruction of the left common iliac artery 
at its origin, with irregularity (presumably atheromatous) of the aorta. 


Case 4. Female, aged 64. Housewife 


First seen in April 1950, with two years’ histony of ‘heaviness’ of the legs on 
walking. One year after the onset she had cramp-like pain in the feet and calves 
on walking. Some months before her admission the pain became severe and 
continuous, and the toes and heels of both sides became discoloured. Carcinoma 
of the cervix uteri had been treated by radium in 1938. She smoked 10 cigarettes 
a day. Examination showed an obese woman, worn out by incessant pain. The 
blood-pressure was 150/65 mm. Hg. On the left side the femoral artery only was 
palpable, and no pulsation was felt in the arteries of the right leg. There was 
gangrene of the right fifth toe, the right heel, and the left great and second toes. 
On pelvic examination there was partial vaginal occlusion. Physical examina- 
tion was otherwise negative. 


Investigations 

Radiography. Some calcification in the left iliac arteries and both femoral 
arteries. 

Aortography (Plate 4, Fig. 3). Much narrowing of the last inch of the abdominal 
aorta, and complete occlusion of the right common iliac artery at its origin. 
Narrowing of the left common iliac artery. Right femoral artery filled through 
collaterals ; left femoral artery obstructed just below the origin of the profunda 
femoris. 


Treatment. Both legs were demain amputated at mid-thigh. 


Case summary. A case of complete obstruction of the right common iliac 
artery and of the proximal part of the left femoral artery. Gross narrowing of 
the terminal aorta and left common iliac artery suggested that this was an 
early case of Leriche’s aortic bifurcation syndrome. 


Case 5. Male, aged 50. Tyre-fitter 

First seen in August 1950, with one year’s history of ischaemic pain on walk- 
ing in the left calf and thigh. He also complained of ‘pins and needles’ in the 
left foot, especially after exercise. He smoked 30 cigarettes a day. Examination 
showed a heavily built man. The blood-pressure was 145/85 mm. Hg. All 
pulses were present in both legs, but were weaker on the left side. The left 
femoral pulse was much weaker than the right, and was delayed. There was 
wasting and drooping of the left buttock. The circumference of the left thigh 
was half an inch less than the right ; that of the calves was equal. No nutritional 
changes were seen in the nails or skin of the feet. Physical examination was 
otherwise negative. 


Investigations 


Tonoscillography after exercise. Prolonged disappearance of pulsations at the 
left ankle, calf, and thigh. 
Femoral arteriography. Normal left femoral, popliteal, and tibial vessels. 


Treatment. He was treated conservatively, and advised to stop smoking. 
Six months later his symptoms were unchanged. 
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Case summary. Pain on exercise in the left calf and thigh, with weak and 
delayed left femoral pulse, abnormal tonoscillographic findings in the thigh 
after exercise, and a normal femoral arteriogram, were considered conclusive 
evidence of arterial obstruction above the groin. 


Case 6. Male, aged 64. Farmer 


First seen in March 1951, with five years’ history of tiredness of the thighs, 
particularly the right, on bicycling. Two years after the onset he had ischaemic 
pain on walking in both calves and thighs, especially on the right. He smoked 
two ounces of tobacco and 20 cigarettes a week. On examination he was of 
normal build. .The blood-pressure was 145/80 mm. Hg. Femoral pulses only 
were felt in both legs; the right femoral pulse was much weaker than the left. 
There was hypotonia of the right buttock. The right thigh and calf were half 
an inch greater in circumference than the left. There was muscle-tenderness of 
both calves and of the right thigh. The nutrition of the skin was good, but the 
toe-nails on both sides were thickened and deformed. Physical examination was 
otherwise negative. 


Investigations 


Tonoscillography after exercise. Prolonged disappearance of pulsations at 
right ankle, calf, and thigh. 

Aortography. Abdominal aorta tortuous, its terminal part narrowed. Right 
common iliac artery completely obstructed at its origin. Left common and 
external iliac arteries normal. Left femoral artery obstructed just below the 
inguinal ligament. 


Treatment. The patient was treated conservatively, and was observed for too 
short a time to assess progress. 


Case summary. A case of complete occlusion of the right common iliac artery, 
with narrowing of the terminal aorta, and occlusion of the left femoral artery 
just below its origin. 


Case 7. Male, aged 53. Painter and decorator 

First seen in March 1951, with two and a half years’ history of ischaemic pain 
on walking in the left foot and calf, and of indolent ulceration under the left 
fifth toe. There was pain when at rest in the left leg and foot, and intermittent 
‘pins and needles’ in both feet. The left great toe had been lost through frost- 
bite in 1915. Bilateral lumbar ganglionectomy had been performed one year 
before we saw him. He smoked 20 cigarettes a day. On examination he was of 
normal build. The blood-pressure was 140/75 mm. Hg. Femoral pulses only 
were felt in both legs ; the left femoral pulse was weaker than the right. There 
was wasting and hypotonia of the left buttock. The circumference of the left 
thigh was two inches less than that of the right, and that of the left calf one 
inch less than the right. There was a healed ulcer of the left fifth toe. The 
nutrition of the toe-nails was poor on both sides. Physical examination was 
otherwise negative. 


Investigations 

Tonoscillography after exercise. Insufficient pulsations to record at the left 
ankle and calf. Prolonged disappearance of pulsations at the left thigh. 

Radiography. Calcification in the iliac, femoral, and tibial vessels on both 
sides. 

Aortography. Aorta normal. Left common iliac artery grossly narrowed for 
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the first inch. Left external iliac artery completely occluded just above the 
groin ; left femoral artery filled through collaterals. Right iliac arteries normal. 


Case summary. A case of partial occlusion of the left common iliac artery 
with complete obstruction of the left external iliac artery. It was of interest to 
notice that abnormal tonoscillographic findings after exercise were present in 
spite of a preceding ganglionectomy. A similar sequence of events was found by 
Ejrup (1948). 


Case 8. Male, aged 52. Shoemaker 

First seen in March 1950, with early gangrene of the left fifth toe. There was 
a three years’ history of ischaemic pain on walking in both feet, calves, and 
thighs. Latterly he could only walk 20 yards. He had severe pain when at rest 
in the left foot and left fifth toe. He smoked at least 20 cigarettes a day. On 
examination he was of slight build. The blood-pressure was 180/90 mm. Hg. 
Retinoscopy showed arterial narrowing, and a few small hard patches of exudate. 
No pulsation was felt in the abdominal aorta, femoral arteries, or the more 
distal vessels of the legs. There were nutritional changes of the nails in both 
feet, and a patch of gangrene on the left fifth toe. 


Investigations 

Tonoscillography after exercise. Pulsations were insufficient to record on 
either side. 

Radiography. Calcification in the iliac, femoral, and. tibial vessels. 

Aortography. No filling of the aortic bifurcation or iliac vessels. Radiographs 
were not taken high enough to show the actual block, but the inferior mesenteric 
vessels filled, a fact which was strong presumptive evidence of complete aortic 
obstruction below that level. 


Treatment. This was conservative, with rest in bed, toilet of the gangrenous 
area, and passive leg-exercises. 25 to 50 mg. of tolazoline at 9 p.m. relieved 
night pain. The left fifth toe finally healed. He was much improved on dis- 
charge, and seven months later he could walk 150 yards and had no pain at 
night. 


Case summary. A case of obstruction of the lower end of the abdominal aorta. 


Group 2. Cases in which the diagnosis rested on clinical and tonoscii'ographic 
evidence (Cases 9 to 11). 


Case 9. Male, aged 60. Clerk 

First seen in August 1950, with three years’ history of ischaemic pain on 
walking in both calves, spreading into the left thigh. He smoked 30 cigar- 
ettes a day. On examination he was of slight build. The blood-pressure was 
155/95 mm. Hg. The femoral arteries only were palpable on both sides; the 
left femoral pulse was weak and delayed compared with the right. There was 
weakness and hypotonia of the left buttock. The left thigh was half an inch less 
in circumference than the right. The circumference of the calves was equal. 
Muscle-tenderness was present in the left thigh and in both calves. There was 
thickening and distortion of the toe-nails on both sides. Physical examination 
was otherwise negative. 


Investigations 


Tonoscillography after exercise. Insufficient pulsations to record at the left 
ankle; prolonged disappearance of pulsations at the left calf and thigh. 
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Radiography. Calcification of the iliac, femoral, and tibial vessels on both 
sides. 


Treatment was conservative. Six months later there was no change in 
symptoms. 


Case summary. Pain on exercise in the left calf and thigh, a weak and delayed 
left femoral pulse, and abnormal tonoscillographic findings in the left thigh 
after exercise strongly suggested iliac obstruction. Symptoms were also present 
on the right side, and clinical and tonoscillographic findings suggested femoral 
obstruction. 


Case 10. Male, aged 62. Clerk 


First seen in March 1950, with 10 years’ history of ischaemic pain on walking 
in the right calf and thigh. Initially pain was also present on the left side, but 
this disappeared in 1946. His father also had suffered from intermittent 
claudication. He smoked 30 cigarettes a day. Examination showed a man of 
normal build. The blood-pressure was 160/90 mm. Hg. The right femoral 
pulse was felt, but was weak and delayed compared with the left. No other 
pulses were felt on the right side. On the left side all pulses were felt except the 
popliteal. The circumference of the thighs was equal, but the circumference of 
the right calf was half an inch less than that of the left. There was no wasting 
or hypotonia of the buttocks. No nutritional changes were seen in the toe-nails 
or skin of the feet. There was muscle-tenderness of the right thigh and calf. 
Physical examination was otherwise negative. 


Investigations 


Tonoscillography after exercise. Prolonged disappearance of pulsations at the 
right ankle, calf, and thigh. 

Radiography. Calcification in the iliac, femoral, and tibial arteries on both 
sides. 

Femoral arteriography. Complete obstruction of the middle third of the right 
femoral artery ; irregularity of the lumen of the popliteal and tibial arteries. 


Treatment was conservative. One year later the condition was unchanged. 


Case summary. This patient was shown to have right femoral obstruction, 
but the occurrence of pain in the thigh, the weak and delayed right femoral 
pulse, and the abnormal tonoscillographic findings in the right thigh after 
exercise strongly suggested iliac obstruction in addition. 


Case 11. Male, aged 75. Retired 

First seen in April 1951, with four years’ history of ischaemic pain on walking 
in the right calf and thigh. He smoked 15 cigarettes a day, as well as a pipe. 
On examination he was of normal build. The blood-pressure was 240/90 mm. Hg. 
The right femoral pulse was weak and delayed compared with the left, and no 
pulses could be felt distal to it. On the left side only femoral and posterior 
tibial pulses were felt. The circumference of the right thigh was one inch less 
than that of the left. There was muscle-tenderness of the right calf. No 
nutritional changes were seen in the toe-nails or skin of the feet. Physical 
examination was otherwise negative. 


Investigations 


Tonoscillography after exercise. Insufficient pulsations to record at the right 
ankle and calf; prolonged disappearance of pulsations at the right thigh. 
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Radiography. Calcification of both iliac arteries and in the right femoral and 
tibial arteries. . 


Treatment was conservative ; his further progress is unknown. 


Case summary. The occurrence of pain in the thigh, the weak and delayed 
right femoral pulse, and the abnormal tonoscillographic findings in the right 
thigh after exercise strongly suggested iliac arterial obstruction. 


Summary 


. Ten cases of occlusion of an iliac artery and one case of occlusion of the 
abdominal aorta are reported. 

. Eight of these cases occurred in 53 consecutive cases of intermittent 
claudication due to obliterative arterial disease. 

. The main clinical features were intermittent claudication with pain extend- 
ing into the thigh, an absent, weak, or delayed femoral pulse, wasting of 
the affected thigh, and wasting or hypotonia of the buttock. 

. The diagnosis may be confirmed by finding prolonged disappearance of 
pulsations in the thigh on tonoscillography after exercise, or directly by 


aortography. 
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Fie, 2. Aortogram (Case 3) showing a tortuous aorta and complete obstruction of left common 
iliac artery at its origin. The left external iliac artery may be seen filied through collaterals 


Fig. 3. Aortogram (Case 4) showing narrowing of the terminal aorta, complete obstruc- 
tion of right common iliac artery at its origin, and irregular narrowing of left common 
iliac artery. The lumbar arteries on the right side are dilated 
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LOCAL CIRCULATORY CHANGES ASSOCIATED WITH 
CLUBBING OF THE FINGERS AND TOES! 


By G. M. WILSON 


(From the Department of Pharmacology and Therapeutics, University of 
Sheffield and Sheffield Royal Infirmary) 


With Plates 5 and 6 


CLUBBING of the fingers is seen in a variety of common and apparently unre- 
lated diseases. Though it is one of the earliest recorded physical signs in medi- 
cine, the mechanism of the development of clubbing has remained obscure, a 
vast literature witnessing to a largely hypothetical approach to the problem. It 
was not until 1938 that an experimental investigation was recorded, when 
Mendlowitz showed that in clubbing associated with lung and congenital heart 
disease there was usually an increased blood-flow in the affected fingers, and a 
decreased pressure gradient in the brachial-digital arterial tree. Later Mend- 
lowitz (1941) confirmed these observations, and extended them to clubbed 
fingers associated with other diseases. He did not postulate that this increased 
flow was the cause of the condition, and subsequently it seems to have been 
regarded as an associated feature (Branwood, 1949). The present investigation 
is concerned with the possibility that clubbing is primarily a manifestation of a 
peripheral circulatory disorder. The discussion will be based on a correlation of 
the local anatomical and physiological changes, and a relationship will be shown 
to exist between clubbing and peripheral circulatory disturbances. 


Methods 


The blood-flow through the fingers has been measured by the heat-elimination 
method of Stewart (1911). The earlier observations were made in the large 
calorimeter described by Greenfield and Scarborough (1949), with the hand in- 
serted into the water to the level of the knuckles. A line was drawn with a silver 
nitrate pencil around the lower forearm at the level of the platform of the instru- 
ment, so that at subsequent investigations the same volume of hand was used. 
Later observations were made with a finger calorimeter similar to that described 
by Greenfield and Shepherd (1950) but modified in certain respects. The outer 
vacuum flask was discarded, and the heat loss to the exterior was compensated 
by a small electric bulb controlled by a variable resistance, as in the larger calori- 
meter. The tip of the finger was supported on an adjustable wire-net platform, 
and the level of the water, to which a few drops of concentrated saline had been 
_ added, was raised till it reached two platinum wires attached to the calori- 
meter. This completed an electrical circuit, as was shown by a sharp movement 

1 Received July 11, 1951. 
Quarterly Journal of Medicine, New Series XXI, No. 82, April 1952. 
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of the pointer of a milliammeter. After removal of the finger at the end of the 
experiment the level was readjusted by titration from a burette which measured 
the volume of the finger which had been in the water. This method was accurate 
to within +0-2 ml. The platform supporting the finger was kept 2-8 cm. below 
the tips of the platinum wires. The fingers were soaked in the water-bath of the 
calorimeter for at least 20 minutes before the readings were begun. If compari- 
sons of blood-flow were to be made between the fingers of different individuals, 
or on subsequent occasions, full vasodilatation was ensured by wrapping the 
subject in blankets and immersing the opposite upper limb in stirred water at 
44°C to produce free sweating (Pickering, 1936). Measured in this way, the 
maximal heat elimination of normal fingers was remarkably constant, the 
variability on subsequent occasions not exceeding + 10 per cent. 

The chief disadvantage of the calorimetric method of measuring blood-flow 
through the fingers is that the result can only be expressed as calories per minute, 
and this expression cannot be accurately converted into millilitres of blood per 
minute. The latter measurement may be made with plethysmographs, but in 
the case of clubbed fingers it is doubtful whether this method is satisfactory. 
As will be described later, there is in clubbing a large arterial flow, which is prob- 
ably passing directly into the venous bed of the finger. Furthermore, for 
satisfactory comparisons at later dates, the measurements have to be made 
at full vasodilatation to exclude chance variations of vasomotor tone. Under 
these conditions there may be an insufficient venous reservoir for collection of 
the blood after inflation of the occlusion cuff, and the inflow tracings are con- 
sequently of questionable reliability. Other inaccuracies in finger plethysmo- 
graphy may be introduced by variations in the position of the cuff or in the 
height of the limb above the heart. For these reasons the calorimeter has been 
preferred to the plethysmograph, except when simultaneous comparisons are 
being made between corresponding limbs in cases of unilateral clubbing, as full 
vasodilatation is not then essential. 


The Blood-Flow through Clubbed Fingers 


The blood-flow through the distal 2-8 cm. of normal and clubbed right index 
fingers at full reflex vasodilatation has been measured, and the results are shown 
in Fig. 1, in which the maximal heat elimination has been plotted against the 
volume of the finger immersed in the calorimeter bath. The finger-clubbing was 
secondary to chronic lung disease or cyanotic heart disease, and was extremely 
conspicuous, as borderline cases were excluded from the investigation. The 
normal fingers were those of healthy subjects, or of patients free from diseases 
which may be associated with finger-clubbing. All were under 50 years of age. 
None of the subjects were pyrexial, but with the indirect heating to produce full 
vasodilatation the mouth temperature rose to between 37-2° and 37:9° C. In 
this respect there was no consistent difference between the two groups. The 
mean mouth temperature was 37:5° C. The results have been expressed as the 
heat elimination into water at 31-5° C, which affords a 6° mean temperature 
gradient. Corrections for calorimeter temperature as described by previous 
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workers (Arnott and Macfie, 1948; Cooper, Cross, Greenfield, Hamilton, and 
Scarborough, 1949) were normally avoided, as the readings were made in the 
range 31° to 32° C, and the result was calculated over a period of 16 minutes 
centred on the time when the calorimeter bath was at 31-5° C. In general, the 
blood-flow was greater through the clubbed than through the normal fingers of 
corresponding size. Under the conditions of full vasodilatation it is improbable 
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Fia. 1. The maximal heat elimination of index fingers ; normal = open 
circles, clubbed = solid circles. The blood-flow through the clubbed 
fingers was greater than that through normal fingers of similar size. 


that the vasomotor nerves were responsible for this increased blood-flow, but 
this possibility was investigated in a small series of experiments. The heat 
elimination of clubbed little fingers was determined, with the subject at full 
vasodilatation, before and after anaesthetizing the ulnar nerve at the elbow with 
2 per cent. procaine. This procedure did not significantly alter the maximal 


Effect of Vasomotor Nerve Block on the Blood-Flow through Clubbed Little 
Fingers 
Masaimal heat elimination of little 
Singer (cal. /min./ml.) 
j Indirect heating and 
Case Indirect heating ulnar nerve block 
Bronchiectasis . ° e 4:87 5-00 


Eisenmenger’s syndrome 5-05 4-93 
Bronchiectasis 2-79 2-86 


blood-flow, as shown in the Table. These results are similar to those previously 
described in normal little fingers by Arnott and Macfie (1948), and provide no 
evidence for the presence of a vasodilator nerve-supply to clubbed fingers. 

The blood-flow in unilateral clubbing. ‘The significance of the increased blood- 
flow in the production of clubbing is more readily investigated in cases where the 
condition is unilateral, as the opposite normal limb is available for simultaneous 
comparison. The most frequently reported cause of unilateral clubbing is a 
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simple arterial aneurysm (Rodgers, 1941; Sartor, 1943). In such cases it has 
often been noted that the clubbed hand is the warmer, suggesting that the 
blood-flow is increased in the affected limb. In a case of axillary aneurysm, 
Cross and Wilson (1950) showed that the only abnormality present to account 
for the conspicuous unilateral clubbing was an increased blood-flow into the 
hand distal to the aneurysm. Clubbing is not commonly seen in association with 
arteriovenous aneurysms (Mendlowitz, 1942). It is not present in cases where 
the blood-flow to the digits on the side of the fistula is not above that in the con- 
tralateral normal limb (Wilson, 1951a). In long-standing cases the distal blood- 
flow in the limb may be increased, though clubbing is not necessarily present 
if the fistula is much proximal to the digits (Lewis, 1940). Clubbing was 
present, however, in the following two cases in which the fistulae were extremely 
distal. 


Case 4. A woman aged 50 years, under the care of Dr. A. W. D. Leishman, 
stated that in early childhood her legs and feet had been normal in appeerance. 
A photograph taken when she was aged six years showed that her legs were of 
equal size. When aged eight years she slipped over a kerb and injured her right 
foot, which became swollen and painful, especially over the dorsum and in the 
region of the ankle. The swelling persisted for six or seven weeks, and it was 
remarked at the time that recovery was slow. Ever since this injury she had 
experienced pain in the right foot, especially whenever she had to exert herself. 
She was certain that at the age of 12 years her right lower limb was larger than 
her left, as she had difficulty in fitting shoes and was conscious of the disfigure- 
ment. 

On examination the right calf and foot were enlarged in comparison with the 
left. Volume measurements, by the displacement method, of the distal 43 cm. 
of each limb were (right) 3,520 ml. and (left) 3,020 ml. The toes of the right 
foot were conspicuously clubbed ; the nails were curved and the toe pulps en- 
larged, and a zone of congestion was present around the nail-roots on the right 
side (Plate 5, Fig. 4). The dorsum of the right foot was swollen, but no pitting 
oedema was present ; there was slight distension of the veins. No thrill or mur- 
mur was detected. The femoral, popliteal, posterior tibial, and dorsalis pedis 
pulses were felt on the right side, but only the femoral and dorsalis pedis on the 
left. On removing the footwear, the feet were of approximately equal tempera- 
ture, but on exposure the normal left foot cooled considerably more rapidly than 
the right. Skin temperature records from the dorsal surface of the distal phalanx 
of the great toes clearly showed this difference (Fig. 2). After exposure in the 
laboratory for two hours it was found that the skin temperature over the toes 
and the dorsum of the foot, and to a lesser extent over the medial malleolus, 
was distinctly raised in comparison with other areas on the right lower limb and 
with the entire left lower limb. The temperature was highest over the medial 
part of the swelling on the dorsum of the right foot, where after two hours it was 
28-5° C. Over the lateral aspect of the dorsum of this foot it was 26-0° C, and 
over the dorsum of the left foot it was 20-0° C. The blood-flow in both feet was 
measured with plethysmographs in which the water was maintained at 34° C. 
The feet were inserted to corresponding anatomical levels. Considerably larger 
pulsations were observed in the tracings from the right foot. The results were: 


Foot-volume Total flow Flow in 
(ml.) (ml./min.) ml./min./100 ml. 
Right . 5 1,120 111 9-9 


Left . 1,020 31-6 3-1 
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A radiological examination of the right foot showed irregularity due to new 
bone formation around the medial cuneiform. There was tufting of the ter- 
minal phalanges on the right side. The left foot was normal. The probable 
diagnosis was a small arteriovenous aneurysm in the region of the right medial 
cuneiform bone. 


Case 5. A woman aged 28 years had noticed since the age of nine years that 
her left arm was thicker and longer than her right, and was always the warmer. 
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Fic. 2. Skin temperature records from the dorsal surface of the distal 
phalanx of the great toes in Case 4. At the 10th minute the labora- 
tory window and door were opened, and the environmental tempera- 
ture fell rapidly. The normal left toe cooled more rapidly than the 
clubbed right toe. 


On examination the right upper limb was entirely normal. The blood-pressure 
on this side was 130/70. The left upper limb was 4 cm. longer than the right, and 
3 cm. greater in girth in the mid-arm. The limb was warmer than its fellow, 
and the veins on the dorsum of the hand and up the forearm and arm were dilated 
and pulsating. Greatly increased local warmth and colour indicated the pre- 
sence of arteriovenous fistulae in the antecubital and thenar regions, and in the 
distal segment of the left index finger. This finger was conspicuously warmer 
than the other fingers of the left and right hands, which were of equal tempera- 
ture. The increased warmth extended distally to the base of the nail. The digital 
arteries of the left index finger were pulsating freely, while the arteries in the 
other fingers could not be felt. The nail was unduly curved, and fluctuation over 
it was appreciably greater than over the other finger-nails. The shape of the 
distal segment was that of a slightly clubbed finger. All the other fingers appeared 
normal. The cause of the increased blood-flow to the index finger, indicated 
by the pulsating arteries and increased warmth, was thought to be a congenital 
arteriovenous fistula in the terminal segment. 


In these two cases the clubbing was clearly associated with an excess of 
blood-flow through the toes or fingers brought about by suitably placed arterio- 
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venous fistulae. The large circulation was not apparently due to increased 
physiological requirements. Similarly, in cases of simple arterial aneurysm it has 
been shown by blood oxygen and carbon dioxide measurements that the in- 
creased distal blood-flow was not due to an increased metabolism of the clubbed 
hand (Brooks, 1930; Cross and Wilson, 1950). Unilateral clubbing under these 
conditions is of considerable interest, as it is brought about by physical abnor- 
malities in the arterial tree which produce an increased arterial inflow into the 
digits. The action of such factors as sepsis and cyanosis can be entirely excluded. 
Furthermore, in cases of unilateral clubbing it is recognized that an event which 
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Fic. 3. Simultaneous measurement of the heat elimination of the hands 

in Case 6. Left hand = solid circles, continuous line; right hand = open 

circles, dotted line. The clubbing had receded on the right side after liga- 

tion of the subclavian artery. At all levels of vasomotor tone the blood- 
flow through the clubbed hand was greater. 


reduces the distal flow, such as thrombosis within the aneurysm, leads to regres- 
sion of the clubbing (Hégler, 1920; Hatzieganu, 1923). A similar result follows 
surgical excision of the aneurysm (Smith, 1871; Brooks, 1930). The effect of 
a reduction in the distal blood-flow on finger-clubbing is illustrated in the 
following case. 


Case 6. A man aged 61 years had suffered from recurrent pulmonary infections 
for many years, and had moderate bilateral clubbing of the fingers. After the 
development of a tuberculous axillary abscess he was admitted for excision of 
the right first rib, which was thought to be the source of the infection. 
the operation the subclavian artery had to be ligated, and the circulation to the 
limb was endangered. A collateral circulation developed slowly. Three weeks 
after operation the right hand was colder than the left. After soaking the hands 
in warm water to remedy the temperature difference it was obvious that the 
clubbing on the right side was less than that on the left, and it was no longer 
possible to elicit fluctuation of the nail, as on the left side. The blood-flow 
through the two hands at this time was measured simultaneously with two calori- 
meters, and the results (Fig. 3) show that at all levels of vasomotor tone the 
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blood-flow through the hand in which the clubbing had regressed was considerably 
less than that through the clubbed hand. 


In this case there was a clear association between the reduction in the arterial 
supply to the hand and the subsequent regression of the clubbing. Similar 
features may be seen in patients with congenital heart disease who have been 
submitted to the Blalock operation, which involves division and ligation of the 
left subclavian artery, as is illustrated in the following case: 


Case 7. A boy aged 13 years, suffering from Fallot’s tetralogy, had his left 
subclavian artery anastomosed to the pulmonary artery. He subsequently 
noticed that his left hand was persistently colder than the right. Nine months 
after operation conspicuous clubbing of the right fingers was still present ; on the 
left side the clubbing was much less noticeable (Plate 5, Fig. 5). The blood- 
flow at full vasodilatation to the distal 2-8 cm. of each index finger was compared, 
with the following results. 

Finger-volume Maximal heat elimination 
(ml (cal. /min./ml.) 
Rightindex . . 47 6-31 
Left index 4:4 4:10 


In this case the clubbing, which was originally symmetrical, became less on the 
left side as a result of the reduction in the peripheral blood-flow. 


This consideration of local circulatory disturbances due to abnormalities in the 
limb arteries suggests a consistent relationship between a relative excess of 
blood-flow to the digits and the development of clubbing ; a decrease of blood- 
flow is similarly related to the regression of the condition. Clubbing of the 
fingers, however, is more commonly seen as a result of a lesion within the chest, 
and it is obviously necessary to determine whether the relation between blood- 
flow and clubbing holds in these conditions. 

The blood-flow in clubbed fingers associated with treatment of intrathoracic 
disease. Successful surgical or medical treatment of pulmonary lesions associated 
with clubbing may lead to a gradual return of the fingers to a more normal 
appearance. In these cases measurements of blood-flow by the heat-elimination 
method may be complicated by the presence of fever. Most of the observations 
have been made in chronic cases, and the mouth temperature has not been sig- 
nificantly different from that found in normal subjects under similar conditions. 
Nevertheless, as small changes in mouth temperature occurred after treatment, 
the maximal heat elimination has been measured into water at 6° C below the 
mouth temperature at the time of the observation. In this way the same tem- 
perature gradient was used on all occasions, and the result is reported as the 
‘corrected’ maxima! heat elimination. In the following cases the effects of 
operation have been studied in clubbed and normal fingers. 


Case 8. A woman aged 67 years was admitted with a lung abscess of three 
years’ duration. This condition was associated with gross clubbing of the 
fingers (Plate 5, Fig. 6a). The right lower lobe, in which the abscess lay, was 
successfully resected by Mr. A. W. Fawcett. Blood-flow determinations were 
carried out in the large calorimeter, with the fingers inserted into the water to 
the level of the knuckles. 


G. M. WILSON 
Volume of Mouth 


Corrected maximal Blood- 


Singers temperature heat elimination pressure 
(ml.) (°C) (cal./min./100 ml.) (mm. Hq) 
5.6.50 200 37-2 146 140/74 
8.6.50 Lobectomy 
3.7.50 200 37-6 113 140/78 
6.11.50 200 37-2 110 135/80 


After the first measurement after operation there was a slight regression in 
the clubbing, and in particular the fluctuation of the nail was considerably less. 
A decrease in blood-flow had occurred. Five months later the clubbing was 
greatly reduced (Plate 5, Fig. 6b) and the blood-flow had remained at the post- 
operative level. 


Case 9. A man aged 24 years had a purulent bronchiectasis of several years’ 
duration affecting chiefly the right lower lobe, which was successfully excised 
by Mr. A. W. Fawcett. Marked finger-clubbing was present before operation 
(Plate 6, Fig. 7a). The blood-flow through the distal 2-8 em. of the right index 
finger at full vasodilation was determined, and was as follows: 


Volume of Mouth Corrected maximal Blood- 


Singer temperature heat elimination pressure 
(ml.) (°C) (cal./min./ml.) (mm. Hq) 
3.4.51 5-9 37:7 4-59 135/80 
17.5.51 5-9 37-5 4-04 130/80 
5.7.51 5-7 37-4 3-64 125/80 


At the time of the second measurement 16 days after operation some purulent 
sputum was still being produced, though it was greatly decreased in amount. 
The earliest signs of regression of finger-clubbing were now apparent. The nail 
immediately distal to the skin-fold was growing straighter, the creases at the 
fold were returning, and the tense appearance of the finger-tip was less marked 
(Plate 6, Fig. 7b). These changes were associated with a decrease in the maxi- 
mal blood-flow through the finger-tip. At the third measurement, made after 
a period at a convalescent home, the sputum had almost entirely disappeared, 
and the regression of the finger-clubbing had continued. There was a further 
decrease in the blood-flow. 


The effect of excision of a lobe of the lung on the blood-flow through normal 
fingers was investigated in the following case: 


Case 10. A woman aged 28 years was admitted for excision of a bronchiectatic 
right lower lobe. There were no definite signs of finger-clubbing. The circula- 
tory measurements were: 


Volume of Mouth Corrected maximal Blood- 
Singers temperature heat elimination pressure 
(ml.) (°C) (cal./min./100 ml.) (mm. Hg) 
24.4.50 185 37-2 108 110/70 
3.5.50 185 37:3 110 120/70 


There was no significant change in either the blood-flow or the appearance of 
the fingers after the operation. 
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Results similar to those obtained by surgery may be seen in chronic intra- 
thoracic infections treated with penicillin. In the following case changes in 
blood-flow and finger-clubbing arising from treatment of a lung abscess were 
observed. 


Case 11. A man aged 49 years, admitted with a chronic suppurative pneu- 
monia, had conspicuous clubbing of the fingers. Blood-flow determinations were 
made before and after treatment with penicillin, which led to a reduction in the 
degree of clubbing. The results were as follows: 


Volume of Mouth Corrected maximal Blood- 


Sfiegers temperature heat elimination pressure 

(ml.) (°C) (cal./min./100 ml.) (mm. Hg) 
21.10.48 Marked clubbing 350 37-6 90 112/76 
15.11.48 Slight clubbing 350 37-3 71 110/74 


In this case a considerable decrease in maximal blood-flow was associated with 
the regression of the clubbing consequent on penicillin treatment. 


Comparable results were observed in a case of subacute bacterial endocarditis : 


Case 12. A woman aged 43 years was admitted with mitral stenosis and sub- 
acute bacterial endocarditis. She had conspicuous clubbing of the fingers, and 
measurements of the blood-flow were made on two occasions while she was under 
observation before treatment, and later during penicillin therapy: 


Volume of Mouth Corrected maximal Blood- 

jingers temperature heat elimination pressure 

(ml.) (°C) (cal./min./100 ml.) (mm. Hg) 

4.10.48 180 37-8 130 135/70 
11.10.48 . 190 37-6 127 134/70 

12.10.48. - Penicillin commenced 

18.10.48 . 180 37:3 108 126/70 
22.10.48 200 37-3 106 120/70 


In this case a definite decrease in the blood-flow through the fingers followed 
administration of penicillin. A reduction in the degree of finger-clubbing was 
also apparent. Unfortunately further observations on this patient were not 
possible, as a fortnight after the last measurement she died from congestive 
cardiac failure. No venous congestion was present at the times of the measure- 
ments. The results suggest that in the active stage of subacute bacterial endo- 
carditis the blood-flow through the clubbed fingers was increased. 


Finger-clubbing may occasionally develop rapidly as a result of acute sup- 
purative infections in the lungs and pleura. Such lesions are usually complicated 
by a high degree of fever ; but the measurements in a case of acute lung abscess 
with early finger-clubbing have been compared with those in a case of perine- 
phric abscess. Both were successfully treated with penicillin. The maximal 
heat elimination has been measured into water 6° C below the mouth tempera- 
ture on each occasion, as in the previous cases. The details are as follows: 


Case 13. A man aged 48 years was admitted with an acute abscess in the 
lower lobe of the right lung, the sequel of dental extractions under anaesthesia 
six weeks previously. A mild degree of finger-clubbing was present, but quickly 
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subsided following the institution of penicillin treatment. The blood-flow 
through the right index finger was determined : 


Corrected 
Finger Mouth maximal heat Blood- 
volume temperature elimination pressure 
(ml.) (°C) (cal. /min./ml.) (mm. Hg) 
1.12.50 6-7 38-6 4-33 116/66 
Penicillin commenced 
4.12.50 5 6-6 38-7 4-00 118/66 
10.12.50. 6-6 37-2 3°34 108/60 
13.12.50 . - Penicillin stopped 
15.12.50. 6-5 37-2 3-46 104/60 
19.12.50 . 6-5 37-8 3-27 104/64 
2.1.51 6-6 37-8 3-40 104/64 


It will be noted that in this case the heat elimination of the index finger de- 
creased as a result of penicillin treatment. At the same time the slight degree of 
finger-clubbing disappeared. 


Case 14. A man aged 20 years was admitted with a perinephric abscess. There 
was no clubbing. The blood-flow through the fingers was measured before, dur- 
ing, and after treatment, with the following results: 


Volume of Mouth Corrected maximal Blood- 
Singers temperature heat elimination pressure 
(ml.) (°C) (cal./min./100/ml.) (mm. Hg) 
31.3.50 340 39-0 89 108/80 
3.4.50 340 39-0 96 105/80 
4.4.50 Penicillin commenced 
6.4.50 335 37°5 113 115/84 
7.4.50 340 37-3 112 124/88 
10.4.50 340 37-2 113 120/92 
11.4.50 : - Penicillin stopped 
14.4.50 340 37-2 118 137/90 
17.4.50 340 37:3 110 130/94 


In this case of an infection not associated with finger-clubbing, penicillin 
treatment did not lead to a decrease in the blood-flow through the fingers. On 
the contrary, the blood-flow increased as the pressure rose with the subsidence 
of the fever. The contrast with Case 13 is striking. . 


Discussion 

The results described suggest that clubbing is associated with an increase in 
local blood-flow, and confirm the earlier observations of Mendlowitz (1938). In 
the present investigation the increase has been demonstrated in clubbing due to 
congenital heart disease, subacute bacterial endocarditis, and pulmonary disease, 
and it is also known to occur in clubbing secondary to hepatic and chronic in- 
testinal disease (Mendlowitz, 1941). The blood-flow in unilateral clubbing was 
greater than that on the normal side. These unilateral cases were not compli- 
cated by the presence of nerve lesions which may have confused blood-flow 
readings in some of the previous reports (Mendlowitz, 1938; Cross and Wilson, 
1950). It is apparent that an increased blood-flow at all levels of vasomotor tone 
is a consistent and essential feature in acquired clubbing of the fingers. The 
demonstration that a reduction of the circulation to the fingers led to regression 
of the clubbing is of more importance. This was clearly seen in the cases in 
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which the main artery to the limb was ligated, as there was no doubt that in 
such circumstances the decrease in blood-flow preceded and was responsible for 
the change in the condition of the fingers. The regression of finger-clubbing seen 
after successful treatment of underlying intrathoracic disease was also associated 
with a decrease in blood-flow. 

The structural changes in clubbed fingers have been investigated by Lovell 
(1950). The chief component in clubbing is an increase in fibrous tissue in the 
distal finger segment, particularly between the nail and the phalanx. There is 
also an increase in the calibre of the digital arteries in clubbed fingers (Charr 
and Swenson, 1946; Lovell, 1950). Arteriovenous anastomoses are abundant 
in the distal finger segment, and are particularly numerous and large in the 
region where the dermis merges with the subcutaneous tissue. The efferent 
vessels from the anastomoses open into the deep venous plexuses in the distal 
part of the finger. In spite of the large blood-flow, clubbed fingers do not ex- 
hibit more conspicuous capillary pulsation than normal fingers at ordinary room 
temperatures, as would be expected if the increased blood-flow was passing 
through dilated arterioles in the more superficial part of the skin. It thus seems 
possible that the excess of blood passing through the finger-tip is largely directed 
through these anastomoses. The passage of blood directly into the venous 
plexuses may be responsible for the proliferative changes characteristic of 
clubbing. The enlargement that may develop in relation to acquired or con- 
genital arteriovenous fistulae has long been recognized (Reid, 1925). The simi- 
larity between the more widespread hypertrophy seen in a limb in the presence 
of major arteriovenous fistulae and the local hypertrophy in clubbed fingers is 
apparent. In both cases the tissue increase is probably associated with a diver- 
sion of blood from the arterial system directly into the veins. Furthermore, 
clubbing is only seen in areas where arteriovenous anastomoses are most 
plentiful, as in the fingers and toes, and the condition may develop as a result 
of pathological arteriovenous fistulae situated distally close to the digits. That 
this is the local mechanism of the development of clubbing appears consistent 
with the known facts. The final proof awaits the development of direct methods 
of following the blood-flow through the various channels in the finger. Little 
is at present known about the control of these deeper arteriovenous anastomoses 
in the finger, and in clubbing it is not apparent why in the first instance the 
excess of blood should pass through them rather than through the capillary 
channels. The digital arterial enlargement is probably secondary to the opening 
of these shunts in the finger, and thus resembles the arterial dilatation that 
develops in the region of an acquired arteriovenous aneurysm (Holman, 1949). 
The decrease in the blood-flow through fully vasodilated fingers in which 
clubbing is receding is not associated with any significant fall in brachial arterial 
blood-pressure. This is evidence that the maximal calibre of the digital arteries 
diminishes with the regression of the clubbing. 

The increased blood-flow in clubbed fingers is apparently superfluous to the 
physiological requirements of the fingers. A reduction in the blood-flow by 
removal of the underlying cause leads gradually to the development of a normal 
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finger. In many other conditions in which the peripheral circulation may be 
great the circumstances are different. For example, in thyrotoxicosis and severe 
anaemia there is a physiological explanation for the greater blood-supply and, 
furthermore, capillary pulsation is readily demonstrated in the fingers, sug- 
gesting that the blood is flowing through superficial channels rather than 
through the deeper anastomoses. Recent measurements in this laboratory show 
that the circulation through the finger at full vasodilatation in these two con- 
ditions is not as great as that seen in clubbed fingers. After sympathectomy the 
immediate large increase in the blood-flow is not sustained (Barcroft and 
Walker, 1949) and subsequently the circulation is regulated by the local meta- 
bolism (Freeman, 1935). In coarctation of the aorta there is no evidence of 
an increased blood-flow through the hand, in spite of the raised pressure 
(Pickering, 1936; Wilson, 19516). 

The mechanism bringing about the increased blood-flow to clubbed fingers is 
obscure in many cases. Pulsating arterial aneurysms or arteriovenous fistulae 
may be responsible in unilateral cases. In bilateral cases the condition is secon- 
dary to amore generalized circulatory disturbance. In intrathoracic disease there 
are possibly certain common features in the conditions which may be associated 
with clubbing. Thus in congenital heart disease clubbing is seen only in the 
presence of a right-to-left shunt. Clubbing is also a conspicuous feature of pul- 
monary arteriovenous aneurysms, in which there is a similar rapid passage of 
blood from the right to the left side (Barnes, Fatti, and Pryce, 1948; Yater, 
Finnegan, and Giffin, 1949; Baker and Trounce, 1949). These considerations 
suggest the possibility that, in pleuropulmonary disesse, clubbing may be 
secondary to persistent dilatation of the pulmonary vessels and a consequent 
increased peripheral systemic blood-flow, a hypothesis at present being investi- 
gated in this department. In other conditions in which clubbing may occur our 
knowledge of the general circulatory disturbance is too meagre to warrant dis- 
cussion. The solution of the problem will lie in the first instance in a correlation 
of the cardiac output and the peripheral blood-flow. 


I should like to thank Professors G. W. Pickering and E. J. Wayne for en- 
couragement and advice; Dr. R. R. H. Lovell for much helpful discussion and 
assistance in finding suitable cases; Mr. A. W. Fawcett and Drs. W. D. W. 
Brooksand A. W. D. Leishman for permission to investigate patients under their 
care; and Mr. R. Brook for the clinical photographs. The work was assisted by 
a grant from the Medical Research Fund of the University of Sheffield. 


Summary 
Previous reports of an increased blood-flow through clubbed fingers were 
confirmed in cases associated with cardiac and pulmonary disease. The increase 
in blood-flow was not due to the action of vasodilator nerves. 
Two cases of unilateral clubbing due to arteriovenous fistulae are described. 
In one the fistula was in the distal part of the foot, and there was conspicuous 
unilateral clubbing of the toes. In the other a fistula was in the left index finger, 
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which alone was clubbed. In both cases there was an increased circulation 
through the affected digits. 

Evidence is presented that a reduction in peripheral blood-flow led to regres- 
sion of clubbing. This was particularly seen in cases in which ligation of a sub- 
clavian artery caused asymmetry in the degree of finger-clubbing. 

In clubbing associated with intrathoracic disease, successful surgical or 
medical treatment of the underlying condition led to a decrease in finger blood- 
flow and a gradual disappearance of the clubbing. 

It is considered that the blood-flow to clubbed digits is in excess of physiolo- 
gical requirements, and is largely passing through the numerous arteriovenous 
anastomoses in the distal segments. The direct passage of blood from digital 
arteries into the deep venous plexuses is held to account for the structural 
changes which have been demonstrated in clubbed fingers. Comparison is made 
between such changes and those related to pathological arteriovenous fistulae 
in limbs. 

The source of the superfluous blood-flow is discussed. In unilateral cases 
it is due to physical abnormalities in the arterial tree. In bilateral cases it is 
probably a result of generalized circulatory disturbances not yet fully under- 
stood. 
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Fia. 4. The first and second toes of Case 4 showing the con- 
spicuous clubbing of the right side. 


Fic. 5. Right (a) and left (b) index fingers of Case 7. A Blalock operation had 

been carried out nine months previously involving ligation of the left subclavian 

artery. The right index finger-nail is more curved than the left which is now 
growing straight. 
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Fic. 6. The right index finger of Case 8 (a) before operation and (b) five months after 
excision of chronic lung abscess, showing regression of the clubbing. 
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a. Before operation. 


b. Sixteen days after excision of an infected bronchiectatic pulmonary lobe. The earliest 

signs of regression of clubbing are seen, namely return of the skin creases in the dorsal 

view and straightening of the recent nail growth immediately distal to the skin fold in 
the lateral view. 


Fic. 7. The right index finger of Case 9. 
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SHELDON (1935) in his classical monograph concluded that there was no increase 
in the total blood-iron in haemochromatosis. More recent work, however, has 
shown that the level of iron in the serum is increased above the normal range. 
Frandsen (1947) reported a case in which not only was the serum-iron level 
abnormally high, but little further rise could be induced by giving ferrous lac- 
tate by mouth or intravenously ; Rath and Finch (1949) also found high serum- 
iron levels in patients with haemochromatosis, together with complete or 
almost complete saturation of the iron-binding capacity of the serum. Study of 
the literature has not revealed any report on the diagnostic value of serum-iron 
determinations in a group of patients with proven haemochromatosis. It was 
decided therefore to investigate a series of patients in order to find out whether 
a consistent and characteristic serum-iron pattern could be distinguished which 
might prove of value in the diagnosis of the disease. 


Material 

The seven patients studied were two men who have been under treatment for 
haemochromatosis at Guy’s Hospital, and five patients referred to us for this 
investigation by Dr. R. D. Lawrence, Professor Max Rosenheim, Dr. Kenneth 
Harris, Dr. H. A. Treble, and Dr. W. A. Bourne. 


1. The first Guy’s patient was a man aged 59 years who had suffered since the 
age of 26 from a refractory macrocytic anaemia associated with jaundice, normal 
gastric acidity, splenomegaly, and a hyperplastic bone-marrow. A similar 
blood disorder was present in his only son, aged 29 years. At the age of 56 the 
father developed diabetes mellitus, and was found to have pigmentation of the 
skin and buccal mucosa, absence of axillary and pubic hair, and enlargement 
of the liver and spleen. About this time he became impotent. The diagnosis of 
haemochromatosis was established by liver biopsy, which showed multilobular 
cirrhosis with heavy impregnation of the liver-cells with iron (Plate 7, Figs. 5, 
6). Details of this patient are being reported separately (Houston, 1951). 

2. The second Guy’s patient was a man aged 36 years who had noticed in- 
creasing pigmentation of the skin at about the age of 34. Axillary and pubic 

1 Received July 14,1951. 
Quarterly Journal of Medicine, New Series XXI, No. 82, April 1952. 
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hair was absent, and a firm liver edge could be felt at the umbilicus. He had no 
glycosuria, and the glucose tolerance test was normal. The diagnosis of haemo- 
chromatosis was established by liver biopsy, which showed the pathognomonic 
changes of cirrhosis with large deposits of haemosiderin in the liver-cells 
(Plate 7, Figs. 7, 8). 

3. Dr. Lawrence’s patient was a man aged 69 years who had developed 
diabetes mellitus the previous year. He had dark pigmentation of the face, 
arms and forearms, absent axillary and pubic hair, a hard liver palpable at the 
umbilicus, and a spleen which could just be felt. 

4. Professor Rosenheim’s patient was a man aged 38 years who developed 
diabetes at the age of 35. He had deeply pigmented freckling of the face and 
hands, and an enlarged liver. Skin and liver biopsies were done while he was in 
the Royal South Hants and Southampton Hospital under the care of Dr. H. G. 
Meller, who reported that they showed the changes typical of haemochromatosis. 

5. Dr. Kenneth Harris’s patient was a man aged 69 years who had been 
found to have an enlarged liver at the age of 53. He became impotent at about 
the same time. Laparotomy was done, and biopsy of the liver established the 
diagnosis of haemochromatosis. He developed diabetes mellitus at the age of 
59 years. Examination at the age of 69 showed greyish-brown pigmentation of 
the face, arms, and legs, a few flecks of pigmentation inside the mouth, a dry 
atrophic skin with absent axillary and scanty pubic hair, and a very hard 
irregular liver three inches below the right costal margin. 

6. Dr. Treble’s patient was a man aged 48 years who had noticed a dirty- 
grey pigmentation of the skin from about the age of 27. At the age of 39 years 
he developed diabetes mellitus. At 47 years he had an operation for the 
removal of gallstones, and a liver biopsy revealed the changes characteristic of 
haemochromatosis. Examination a year later showed a slaty grey pigmentation 
of the face, arms, and legs, absent axillary and scanty pubic hair, a hard irregu- 
lar liver reaching to the umbilicus, and a palpable spleen. 

7. Dr. Bourne’s patient was a man aged 45 years, who had been impotent 
since the age of 30. He noticed his skin becoming darker about the age of 
40 years, and at 43 years he developed diabetes mellitus. At the age of 45 he had 
deep bronzing of the face, arms, and legs, absent axillary and almost absent 
pubic hair, and a hard liver edge palpable at the umbilicus. Skin biopsy showed 
deposits of haemosiderin. 

Methods 

The fasting serum-iron level and the unsaturated iron-binding capacity of the 
serum were estimated in each patient. The fasting serum-iron level was esti- 
mated again 15 minutes later. One gm. of ferrous sulphate was then given by 
mouth, and the serum-iron was estimated at hourly intervals for four hours. 
Estimations of the serum-iron level were made by the method of Kitzes, Elve- 
hjem, and Schuette (1944), and of the serum iron-binding capacity by the method 
of Cartwright and Wintrobe (1949). Results of both estimations are expressed 
as wg. Fe per 100 ml. serum. 


Results 


The results of the tests in the seven patients with haemochromatosis are 
shown in Table I and Figs. 1 and 2. Tables II, III, and IV and Figs. 3 and 4 
show the results of the same tests in six normal subjects, in a patient with 
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diabetes mellitus and cirrhosis of the liver, and in a patient with a refractory 
macrocytic anaemia. The patient with diabetes and cirrhosis was a man aged 
65 years who had developed diabetes at the age of 63. A firm liver edge could be 


Serum-Iron Levels Before and at Hourly Intervals After 1 gm. Ferrous Sulphate 
by Mouth, and the Unsaturated Iron-Binding Capacity of the Serum (U.I.B.C.) 


TABLE I 


Seven Patients with Haemochromatosis 
Serum-Iron (ug-/100 ml.) 


Fasting Fasting After 1 gm. FeSO, by mouth 
(1st (2nd U.I.B.C. 
Patient specimen) specimen) Ihr. ls 3 hrs. 4 hrs. (ug. Fe/100 ml.) 
220 192 
147 160 
239 205 
242 236 
194 166 
233 218 
270 275 


Six Normal Subjects (Five Male and One Female) 
Serum-Iron (ug-/100 ml.) 
Fasting Fasti After 1 gm. FeSO, by mouth 
Subject specimen) specimen) 4 5 fs 4 hrs. (ug. Fe/100 ml.) 
158 170 a 
3 
66 


128 


A Patient with Diabetes Mellitus and Cirrhosis of the Liver 
No iron was detectable histologically in a liver biopsy specimen. 
Serum-Iron (ug-/100 ml.) 
Fasting Fasti After 1 gm. FeSO, by mouth 
specimen) specimen) 1 hr. 2 hrs. 3 hrs. 4hrs. (yg. Fe/100 ml.) 
35 36 120 194 200 195 190 


TaBLE IV 
A Patient with a Refractory Macrocytic Anaemia 
This man was the son of the first patient in the haemochromatosis series. 
Serum-Iron (ug-/100 ml.) 
Fasting Fasting After 1 gm. FeSO, by mouth 


(1st (2nd ~ U.I.B.C. 
specimen) sp 1 hr. 2 hrs. 3 hrs. 4 hrs. (ug. Fe/100 ml.) 


152 190 224 208 209 199 150 


felt three inches below the right costal margin, and the spleen was just palpable. 
Haemochromatosis was excluded by examination of a biopsy specimen of liver, 
in which no iron could be demonstrated histologically. The patient with refrac- 
tory anaemia was a man aged 29 years, the only son of the first patient in the 


II 
4 105 175 229 229 352 290 
*5 115 | | 240 327 327 342 175 
* Female. 
TABLE III 


4 | Fe 504 


2 
Time in hours 


Fia. 1. Serum-iron (ug./100 ml.) before and after 1 gm. ferrous 
sulphate by mouth in seven patients with haemochromatosis. 


Iron- binding capacity (ug. Fe/100m!) 
s 8 8 8 8 


3 5 7 
Patient number. 
Fic. 2. Total iron-binding capacity of the serum in 


seven patients with haemochromatosis. The shaded 
area indicates serum-iron level. 
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Time in hours . 


Fic. 3. Serum-iron (ug./100 ml.) before and after 1 gm. ferrous 
sulphate by mouth in five normal subjects. 


— 


300- 


250- 


lron- binding capacity (g.Fe/100m.) 
— 
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Ss 


4 
Patient number 


Fic. 4. Total iron-binding capacity of the 

serum in three normal subjects (1, 2, 3), 

a patient with diabetes and cirrhosis of 

the liver (4), and a patient with refractory 

anaemia (5). The shaded area indicates 
serum-iron level. 
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haemochromatosis series. He showed no clinical evidence of haemochromatosis. 
Details of his case are being reported separately (Houston, 1951). The seven 
patients with haemochromatosis all showed high fasting serum-iron levels, and 
little or no rise in these levels after the ingestion of 1 gm. of ferrous sulphate. 
The unsaturated iron-binding capacity of the serum was either zero or very 
small. The six normal subjects all had fasting serum-iron levels within the 
normal range, and a considerable rise in these levels occurred after the oral 
administration of the ferrous sulphate. In the three normal subjects in whom the 
unsaturated iron-binding capacity of the serum was estimated it was approxi- 
mately double the fasting serum-iron level. In the patient with diabetes and 
cirrhosis the fasting serum-iron level was low, and after the oral iron the serum 
level showed a marked rise. The unsaturated iron-binding capacity of the 
serum was more than double the fasting serum-iron level. In the patient with 
refractory anaemia the fasting serum-iron level was at the upper limit of normal, 
but the iron-absorption curve showed a moderate rise. The unsaturated iron- 
binding capacity of the serum was equal to the fasting serum-iron level. 


Discussion 

The results reported by different workers for the mean serum-iron level in 
healthy subjects are not altogether in agreement (Heilmeyer and Plotner, 1936 ; 
Moore, Arrowsmith, Quilligan, and Read, 1937; Vahliquist, 1941; Powell, 1944; 
Rath and Finch, 1949). These variations almost certainly depend on technical 
differences in the methods used. Because of these variations we have carried out 
serum-iron estimations on 14 male and seven female healthy volunteers, in 
addition to the six control subjects mentioned above. The mean serum-iron 
values which we obtained in these groups were 114g. Fe per 100 ml. for the 
male subjects (range 78 to 150 wg.) and 105g. Fe per 100 ml. for the female 
subjects (range 69 to 134yg.), and agree well with the normal values found by 
Rath and Finch (1949) using the same method of estimation. The latter workers 
obtained mean values of 106 and 94 yg. Fe per 100 ml. for groups of 15 male 
and 15 female subjects respectively, the individual values ranging from 87 to 
147 pg. and from 72 to 130 wg. Fe per 100 ml. for the two sexes. The oral iron- 
absorption test in normal subjects has been investigated by Brochner-Morten- 
sen (1943) and by Cartwright, Lauritsen, Jones, Merrill, and Wintrobe (1946). 
Briefly, after 1 gm. of ferrous sulphate by mouth the level of iron in the serum 
rises to a peak which is nearly always double the initial fasting value and often 
considerably higher, this point being reached usually between the third and 
fourth hours. Our values for the iron-binding capacity of the serum in our nor- 
mal subjects agree well with those found by Rath and Finch (1949) and by 
Cartwright and Wintrobe (1949), on whose work present knowledge of the serum 
iron-binding capacity largely depends. Iron does not exist in the free state in 
the serum, but is transported in combination with a f-globulin. The total iron- 
binding capacity represents the total amount of iron which this iron-binding 
globulin can take up. Normally this total amount is about 300 yg. per 100 ml., 
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so that a normal serum-iron level of 100g. per 100 ml. represents about one- 
third saturation of the serum iron-binding capacity. 

Work on iron metabolism in the past 15 years has established the fact that 
only negligible quantities of iron can be excreted by the body, and that nor- 
mally there is a mechanism which prevents excessive iron-absorption (McCance 


and Widdowson, 1938; Hahn, Bale, Hettig, Kamen, and Whipple, 1939; Hahn, 


Bale, Ross, Balfour, and Whipple, 1943; Granick, 1946 ; Gillman and Ivy, 1947; 
Dubach, Callender, and Moore, 1948). How this mechanism works is not fully 
understood, though the work of Hahn and Granick has thrown a good deal of 
light on the problem. Hahn, Bale, Ross, Balfour, and Whipple (1943) showed 
that if radioactive iron is fed to normal and chronically anaemic dogs, the latter 
absorb much more than the former; that the absorption does not increase for 
about a week after a normal dog is made acutely anaemic by bleeding ; and that 
when iron is given one to six hours before the radioactive iron, the absorption of 
the latter is less than anticipated. These experiments indicate that in normal 
dogs there is a resistance to absorption of iron, and that this resistance is increased 
by previous administration of iron, and takes some time to be removed when 
a need for iron is suddenly induced. To explain these findings Hahn and his 
collaborators suggested that there might be in the intestinal mucosa a com- 
pound capable of combining reversibly with iron. The protein apoferritin, which 
combines with iron to form ferritin, might act as an acceptor in this way. Such 
a mechanism would be capable of taking up limited amounts of iron from the 
lumen, and of passing it on to the plasma when the level there was lowered. 
Only when the mucosal ferritin had yielded up its iron to the plasma would 
apoferritin be able once more to accept iron from the lumen of the gut. This 
theory appears to fit the known facts about iron absorption very well. It may be 
asked why a week elapses before absorption of iron is increased in an animal 
made acuteiy anaemic by bleeding. Presumably, when a sudden large demand 
for iron is made, the tissue-stores including the mucosa are first drawn upon, 
and it is not until the mucosal ferritin has given up its iron that the block to 
further absorption is removed. No doubt the rate of production of new red cells 
by the marrow is another factor limiting the speed with which a demand for 
more iron is made. Hahn’s hypothesis has been largely confirmed by the work 
of Granick (1946), who showed not only that ferritin is present in the intestinal 
mucosa of guinea-pigs, especially in the duodenum, but that a marked increase 
in its concentration occurs after the administration of large doses of ferrous 
iron. Furthermore, the times of appearance and disappearance of this extra 
ferritin in the mucosa correspond well with the occurrence of the mucosal block 
in the absorption experiments. Subsequent work (Granick, 1949) has demon- 
strated ferritin in the intestinal mucosa of other animals and of man. 

Mitchell and Hamilton (1949) claimed that sweat contains significant quan- 
tities of iron, and in view of this excretory outlet for the element they questioned 
the supreme importance attached by other workers to the control of iron- 
absorption. However, they found no difference in the concentration of iron in 
sweat with minimal or profuse sweating, or with variations in the amount of 


i 


222 J. C. HOUSTON AND R. H. 8. THOMPSON 


iron ingested, so that it is difficult to believe that sweat plays any important part 
in maintaining the iron in the tissues within physiological limits. Moreover 
Adams, Leslie, and Levin (1950) have shown that ‘cell-poor sweat’, the super- 
natant fluid obtained after centrifuging sweat, contains only negligible amounts 
of iron ; and they conclude that sweat is not an important vehicle for the excre- 
tion of iron. The iron loss through desquamation merits further investigation, 
but there is no reason to doubt the present generally accepted view that the 
most important mechanism for the regulation of iron metabolism is the so-called 
mucosal block. 

It seems probable that in haemochromatosis there is some inborn error in the 
block mechanism which leads to the absorption of a slight excess of iron. The 
body is unable to excrete the extra iron, which consequently accumulates. By 
the time the pathological changes of haemochromatosis appear the tissues 
contain 25 to 50 gm. of iron, compared with 3 to 5 gm. in normal subjects 
(Sheldon, 1935). The present work throws no light on the nature of the upset in 
the mucosal block mechanism. It does show, however, that a high fasting serum- 
iron level and an almost saturated iron-binding capacity of the serum are 
characteristic features of the disordered iron metabolism in haemochromatosis. 
These changes have been found in all our seven patients with haemochromatosis, 
in six of whom the diagnosis has been proved by tissue biopsy. No other con- 
dition except transfusion haemosiderosis has shown the same serum-iron pattern 
(Rath and Finch, 1949 ; Cartwright and Wintrobe, 1949). Of particular interest 
is our patient with diabetes and cirrhosis of the liver, in whom the possibility of 
haemochromatosis was considered on clinical grounds. He had, however, a low 
serum-iron level, with low percentage saturation of the total serum iron-binding 
capacity, and the absence of iron in a specimen of liver obtained by biopsy con- 
firmed the absence of haemochromatosis. 

The seven patients with haemochromatosis also showed flat or relatively flat 
iron-absorption curves. It should be made clear that this finding does not 
necessarily indicate impaired iron-absorption. It is hardly possible that in a 
condition in which the tissues contain such a huge excess of iron there could be 
deficient iron-absorption ; indeed the radioactive iron studies of Dubach, Cal- 
lender, and Moore (1948) and of Alper, Savage, and Bothwell (1951) have demon- 
strated an increased absorption. It is true that Balfour, Hahn, Bale, Pommer- 
enke, and Whipple (1942) claimed that they could not demonstrate an increased 
absorption in their patient with haemochromatosis, but it is very doubtful 
whether this conclusion is justified by the evidence they presented. The amount 
of iron absorbed cannot be deduced by estimating the serum-iron level after 
giving iron by mouth as in the present investigation, since the serum-iron level 
depends also on the iron-binding capacity of the serum and on the speed with 
which iron is passing into the tissues. It is probable that the flat iron-absorption 
curves obtained in patients with haemochromatosis result from the high degree 
of saturation of the. iron-binding globulin, which can therefore take up iron from 
the gut only as quickly as it releases iron to the tissues. Little or no rise can 
take place in the iron-absorption curve, since the elevated fasting serum-iron 
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level represents almost complete saturation of the total iron-binding capacity, 
and no further rise is possible. As the tissues in haemochromatosis are con- 
stantly exposed to an abnormally high serum-iron level, it is reasonable to postu- 
late an increased deposition of the metal in the tissues, and under these con- 
ditions the flat iron-absorption curves would not be incompatible with the 
increased iron-absorption demonstrated by radioactive iron studies. Since the 
flat iron-absorption curves result from the high degree of saturation of the total 
iron-binding capacity, which can be demonstrated in the fasting specimen of 
serum, the performance of the full oral iron-absorption test is unnecessary for 
diagnostic purposes. 
Conclusions 

Although our conclusions are based on a study of only seven patients with 
haemochromatosis, we believe that serum-iron estimations are of value in the 
diagnosis of the disease. The pathognomonic findings are a high fasting serum-iron 
level with a very high percentage saturation of the total iron-binding capacity 
of the serum. These tests appear preferable for diagnostic purposes to the 
demonstration of iron in the skin or liver, since iron is often absent from the 
piece of skin studied even in patients with established haemochromatosis, and 
liver biopsy is not without risk. Although, as we have pointed out earlier, no 
condition other than haemochromatosis and transfusion haemosiderosis has 
been described as giving these levels of serum-iron and iron-binding capacity, 
it is clear that further work will be needed to define the specificity of these 
changes. Certain types of anaemia, especially pernicious anaemia in relapse and 
refractory anaemia, are associated with elevated serum-iron levels, but the 
saturation of the iron-binding capacity is less than in haemochromatosis (Rath 
and Finch, 1949). Anaemia is very rare in haemochromatosis (Sheldon, 1935), 
so there should not often be difficulty in interpreting the serum-iron results on 
this score. Transfusion haemosiderosis has been recorded by Rath and Finch 
(1949) as causing a high serum-iron level with an almost saturated iron-binding 
capacity, but here the history will of course make the distinction from endo- 
genous haemochromatosis. 

Our thanks are due to Dr. A. H. Douthwaite, Dr. C. Hardwick, Dr. R. D. 
Lawrence, Professor Max Rosenheim, Dr. Kenneth Harris, Dr. H. A. Treble, 
and Dr. W. A. Bourne for permission to investigate their patients ; to Dr. H. G. 
Meller for the biopsy reports on Case 4; and to Mr. D. Watson, Mr. D. H. 
Burchett, and Mr. R. Passingham for technical assistance. 


Summary 


Estimations of the serum-iron level and the serum iron-binding capacity have 
been made in seven patients with haemochromatosis. In five of the patients the 
diagnosis was proved by biopsy of the liver, and in one by biopsy of the skin. _ 

All the patients had high fasting serum-iron levels, complete or almost com- 
plete saturation of the serum iron-binding capacity, and flat or almost flat iron- 
absorption curves. This last finding is thought to be due to the high degree of 
saturation of the iron-binding capacity of the serum. 
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The significance of these findings and the pathogenesis of haemochromatosis 


are briefly discussed. 
It is concluded that estimation of the serum-iron level and the serum iron- 


binding capacity are of value in the diagnosis of the disease. 
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Fic. 5. Case 1. Haematoxylin and eosin prepara- 

tion of liver biopsy specimen, showing fibrosis and 

large numbers of haemosiderin granules in the 
liver-cells. (x 400) 


Fig. 7. Case 2. Haematoxylin and eosin prepara- 

tion of liver biopsy specimen, showing extensive 

fibrosis and heavy impregnation of the liver-cells 
with haemosiderin. (x 400) 
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Fie. 6. Case 1. Liver biopsy specimen stained by 
Perls’ method, showing large deposits of iron in the 
liver-cells. (x 400) 


” Fre. 8. Case 2. Liver biopsy specimen stained by 
Perls’ method, confirming the presence of large 
amounts of iron in the liver-cells. (x 400) 
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METABOLIC STUDIES IN SEVERE DIABETIC KETOSIS! 


By J. D. N. NABARRO, A. G. SPENCER, anv J. M. STOWERS 
(From the Medical Unit, University College Hospital Medical School, London) 


Introduction 
ALTHOUGH diabetic ketosis is a common medical emergency, there is no general 
agreement as to the best methods of treatment. Fundamental questions remain 
in dispute, such as the value of intravenous alkali therapy, the advisability of 
the early administration of glucose, and the use of supplementary potassium 
salts. Severe prolonged diabetic ketosis is a complex biochemical disturbance, 
and the therapeutic problems cannot be settled until information becomes 
available as to the nature and extent of the disturbance, and as to the way in 
which different methods of treatment influence recovery. Our knowledge of the 
metabolic disorder in diabetic acidosis is largely derived from the classical 
studies of Atchley, Loeb, Richards, Benedict, and Driscoll (1933) and Butler, 
Talbot, Burnett, Stanbury, and MacLachlan (1947). In these studies volunteer 
diabetics were allowed to become ketotic while under observation, and the 
losses of fluid and electrolyte were determined during this period. Butler (1950) 
has emphasized the fact that these experiments have necessarily had to be dis- 
continued too early to demonstrate the extent of the disturbance present in a 
serious case. In severe prolonged diabetic ketosis it is not possible to study the 
losses as they occur, but they can be assessed by balance experiments during 
the recovery period, in which the retention of fluid and electrolyte are deter- 
mined. These studies indicate the magnitude of the total losses arising during 
the development of the ketosis, and the extent to which the cellular and extra- 
cellular compartments of the body are affected. It is also possible to follow the 
movements of ions into and out of the cells during the recovery period, and to 
study the influence of the various methods of treatment on the speed of recovery. 
The present paper reports the results of long-term balance studies of patients 
recovering from severe diabetic ketosis. These observations provide more detailed 
information than is contained in earlier reports on the nature of the metabolic 
disturbance, on the rate and extent of recovery, and on the way in which it may 
be influenced by treatment. 
Methods 

Clinical. Metabolic balance studies were made of 19 diabetic patients during 
recovery from ketosis. Detailed results are reported in the case of five patients 
with severe ketosis of more than three days duration, of one who had a severe 
acidosis for only two days, and of one diabetic patient with dehydration and 
ketosis produced by the vomiting of acute gastritis. These are representative 

1 Received September 12, 1951. 
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of the findings in the remaining 12 cases. Treatment was guided by frequent 
estimations of the blood-sugar, plasma-electrolytes, and bicarbonate reserve 
(Appendix, Table III). In the first 24 hours 100 to 500 units of insulin were 
given by intravenous and intramuscular injection. Rehydration was com- 
menced with one and a half to three litres of a normal saline or lactate-saline 
(Na 146 mKgq, Cl 102 mKq, lactate 44 mEq per litre) solution, without glucose, 


TABLE I 
Results of Dietary Analyses 
A total of 48 complete diets were used for these analyses—16 for each of the three diets. 
Na K Cl P Ca Mg N 
*Calories (mEq) (mEq) (mEq) (gm.) (gm.) (mg.) (gm.) 
Diet I - 1,030 32 21 36 0-41 0-41 71 2-4 
Standard deviation -% 2-6 1-5 4-2 0-05 0-04 10 0-26 


Diet IT 2230 65 44 67 0-65 0-53 104 8-8 
Standard deviation 5-6 3-2 6-7 0-04 0-05 6-9 1-25 


Diet III. . . 2,060 51 44 61 1:30 1:10 204 14-7 
Standard deviation ... 3-2 2-6 71 O14 0-09 32 1-95 


* From The Chemical Composition of Foods, R. A. McCance and E. M. Widdowson, 
Medical Research Council, 1940. 


given intravenously over three to six hours. As soon as the blood-sugar and 
plasma-potassium levels began to fall, this was replaced by a 5 per cent. glucose 
solution containing Na 30 mEq, K 20 mKg, Cl 24 mKgq, lactate 20 mKq, and 
phosphate 6 mEq per litre, two to four litres being given over 12 to 24 hours. 


This solution, in view of its potassium content, was not given faster than one 
litre in four hours. Oral feeding was commenced with the first of a series of 
three simple post-coma diets. These were specially prepared by the same 
dietician, and repeated analyses of duplicate diets were made throughout the 
study. Forty-eight complete diets were analysed (Table I). Supplements of 
milk and fruit juice were allowed in some cases ; these were also analysed. The 
patients F. H. and J. R. were given additional potassium phosphate by mouth, 
and G. R. additional potassium chloride. All urine, faeces, vomit, and rejected 
food was collected for 12- or 24-hour periods and analysed as described below. 
Detailed figures of intake, output, and balance are given in the Appendix 
(Table II). The balance studies lasted from eight to twelve days. 

Chemical. The analytical methods used were as follows. Sodium and potas- 
sium: internal standard flame photometry (Spencer, 1950) ; chloride: Whitehorn 
(1921) and Schales and Schales (1941); calcium in urine: Shohl and Pedley 
(1922); calcium in ashed material: Hawk, Oser, and Summerson (1949); mag- 
nesium: Briggs (1922), Kunkel, Pearson, and Schweigert (1947); phosphorus: 
Fiske and Subbarow (1925) ; nitrogen: steam distillation micro-Kjeldahl (Hawk, 
1949) ; carbon dioxide combining power: Van Slyke manometric (Van Slyke and 
Neill, 1924); blood-sugar: Folin and Wu (1920); urine sugar: Benedict (1911); 
blood-urea: Van Slyke and Cullen (1916). Diets and stools were homogenized 
and duplicate aliquots dry-ashed at 450° C. for 24 hours in a muffle furnace. 
The ash was taken up in sulphuric acid and analysed for Na, K, Cl, P, Ca, and 
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Mg. Chloride determinations after wet-ashing were done in a number of instances 
with comparable results. Urinary corticoid outputs, a detailed report of which 
has already been published (Stowers, 1951), were determined by a micro- 
adaptation of Talbot’s method (Talbot, Saltzman, Wixom, and Wolfe, 1945). 

Interpreted data. Changes in the volume of extracellular water were based on 
the external balance of chloride, and were derived according to the formulae 
of Elkinton (Elkinton and Taffel, 1942; Elkinton and Winkler, 1944), and 
Darrow (1944, 1945). Cellular balances were calculated by the standard methods 
of Reifenstein, Albright, and Wells (1945). The methods are summarized in the 
Appendix, and the results are given in Table IV. 


Results 

This section is concerned only with a summary of the balance data, which 
are presented in detail in the Appendix (Table II). Consideration of the parti- 
tion of water and electrolytes between the body-fluid compartments, and of the 
proportionate changes in cellular constituents, is reserved for the discussion. 
As the patients varied considerably in build, the summarized data have been 
corrected to correspond with a standard body-surface of 1-73 square metres 
(Du Bois height, weight, and surface-area nomogram (Hawk, Oser, and Sum- 
merson, 1949)). 

Water. The water balances over the first 72 hours were: 


Patient ER. L.R. G.R. F.H. J.R. R.C, 
Litres . +42 +5-0 +31 +6-4 +41 


The mean retention of water was 4-6 litres per 1-73 square metres. During 
this period continuing glycosuria resulted in a marked osmotic diuresis, so that 
a high fluid intake (mean 13-8 litres) was apparently required to establish a 
positive water balance. The close relation between glycosuria and urine volume 
is shown in Fig. 1. The significance of this relation will be considered in the 
discussion. 

Sodium and chloride. The retention of sodium and chloride by the individual 
patients over the eight- to twelve-day periods of the metabolic study was as 
follows: 


Patient ER. L.R. P.T. G.R. F.H. J.R. R.C. 


Sodium (mEq) . 667 384 583 420 452 446 551 
Chloride (mEq) . 451 295 340 318 216 405 705 


During the eight- to twelve-day study the mean positive balance of sodium 
was 500 mKq, and that of chloride 390 mEq. This retention occurred principally 
in the first 48 hours. In this time 490 mEq of sodium were retained out of 
656 mEq given, and 360 mKq of chloride out of 570 mEq. Again, the osmotic 
diuresis produced by continuing glycosuria was associated with a loss of sodium 
and chloride ions in the urine. The correlation between the severity of the 
glycosuria and urinary losses of sodium is shown in Fig. 1. 

Nitrogen. With a single exception, the cumulative nitrogen balance was 
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negative during the period of study. The nitrogen balances in grammes are 
summarized below: 


Patient . ER. L.R. G.R. F.H. J.R. R.C. 
— 34-2 —75:0  —22-0 —45-0 —53-5 —47-0 


The average negative balance during the period of eight to twelve days was 
38-8 gm., despite a mean intake of 77-3 gm. of nitrogen. 


Relation of Glycosuria to Renal Losses of Water. Sodium and Potassium 
in Diabetic Acidosis 
(Wotographs of Grouped Doto) 
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Potassium, phosphorus, and magnesium. The balances of potassium, phos- 
phorus, and magnesium were as follows: 


Patient . BR. LR. P.T. GR. F.H. 
Potassium (mEq). +368 +333 +582 +4218 +234 +97 +8 
Phosphorus (gm.). +320 +190 +160 -—010 +030 —3-60 
Magnesium (mEq) +60 +29 +50 nt +16 +41 


The balances in the first five patients followed a similar pattern, and their 
results will be summarized first. The patients J. R. and R. C. are clearly 
different, and will be discussed in a subsequent section (see page 236). In the 
first five patients the mean retention of potassium was 347 mEq from an intake 
of 689 mEq. Magnesium retention was 39 mEq (464 mg.) out of 120 mEq 
(1,438 mg.). Phosphorus retention was proportionately less, with a mean value 
of 1-15 gm. (67 mEq at equivalence of 1-8), despite an intake of 8-67 gm. Two 
patients (L. R. and F. H.) had a negative phosphorus balance over the period of 
study. 
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Discussion 

The actual data obtained in the studies have been summarized in the previous 

section, and are given in full in the Appendix (Tables II and III). A better 

understanding of the nature of the biochemical disturbances may be obtained 


by more detailed interpretation of the balance data according to the standard 
methods of Darrow (1945) and Reifenstein, Albright, and Wells (1945). These 


Mean Restoration of Body Water, Sodium, and Chloride in Relation to the intake 
during the first 48 hours of Recovery from Diabetic Acidosis 
INTAKE RETAINED RETAINED 
“FIRST HOURS FIRST. 48 HOURS 10 Days 


SODIUM 
M Eq 


CHLORIDE 
MEq 
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methods of analysis show not only the partition of water and electrolytes 
between the cellular and extracellular phases, but also the movements of intra- 
cellular ions relative to nitrogen. 

Restoration of the extracellular fluid. Changes in the volume of the extra- 
cellular fluid were calculated from the external chloride balance and plasma- 
chloride levels by the method described in the Appendix. The following changes 
were found (corrected to a standard body-surface of 1-73 square metres) : 
Patient A . ER. L.R. Pals G.R. F.H. J.R. R.C. 
Litres . +2°8 +3-2 +1:7 +1-4 +3-2 +61 

At the end of this study all the patients were in sodium and chloride balance, 
and calculation showed that the mean extracellular fluid volume had attained 
the normal value of 19 per cent. of the body-weight (see Appendix). The average 
restoration of extracellular fluid volume was 2-9 litres, and this probably 
approximates to the losses of extracellular fluid which occurred during the 
period of ketosis. The sodium and chloride deficits were largely corrected in the 
first 48 hours (Fig. 2). It will be noticed that the amounts of water, sodium, and 
chloride administered were in excess of the quantities retained. Attention has 
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already been drawn to the continuing losses of water, sodium, and chloride in 
the urine in the early stages of treatment, and their relation to glycosuria. 
Brodsky, Rapoport, and West (1950) have reported that there is a high degree 
of correlation between the renal losses of water, sodium, and chloride which 
occur during the osmotic diuresis produced by the administration of intravenous 
glucose solution to diabetic subjects not in ketosis. The same relation is clearly 
shown in these patients during the early period of recovery from diabetic 
acidosis. As glycosuria decreases, the renal losses of water, sodium, and chloride 
diminish proportionately (Fig. 1). Restoration of extracellular fluid will there- 
fore be most efficient when glycosuria is minimal. In the initial stages of treat- 
ment the blood-sugar cannot immediately be reduced below the renal threshold, 
and therefore some glycosuria is inevitable. A moderate excess of sodium and 
chloride must be given to cover these continuing urinary losses. The early 
administration of intravenous fluids containing glucose will increase the glyco- 
suria and produce an osmotic diuresis, together with an excessive loss of sodium 
and chloride in the urine. Sodium and chloride were offered to the body in 
approximately equivalent proportions. During the period of study the retention 
of sodium was greater than that of chloride in the ratio of 1-28:1. This probably 
indicates the proportions in which sodium and chloride should be offered in the 
early stages of treatment, and a solution of sodium chloride with a small pro- 
portion of sodium lactate would be suitable. This, however, does not take into 
account the possible value of more intensive alkali therapy in accelerating the 
correction of the acidosis. No evidence on this aspect of the treatment of 
diabetic ketosis is contained in the present report, but it will be discussed 
further in a subsequent paper. 

Cellular restoration. Three important facts have been established from an 
analysis of the data relevant to cell metabolism. 

1. Cell restoration is not completed even 10 days after the correction of the 
acidosis. 

2. Although restoration of cellular potassium, magnesium, and phosphorus 
was incomplete when these studies were terminated, the amounts retained were 
in many instances greater than the total losses from the cells found in previous 
studies of experimental diabetic acidosis. 

3. Replacement of cell water, electrolytes, and protein does not proceed 
concurrently in the proportions normally found in cells. Three phases are 
apparent. In the first few hours of recovery water moves into the cells without 
a proportionate increase of cell electrolytes. During the next three to six days 
potassium, magnesium, and phosphorus continue to be retained in large amounts 
by the cells, although cell protein does not greatly increase. After seven to ten 
days there is a gradual change in nitrogen metabolism, and cell protein is slowly 
restored, together with additional water and electrolytes. The end of this phase 
was not reached in the present studies, and it probably takes several weeks to 
complete. . 

The increase of cell water in the first 72 hours in the individual patients, 
corrected to 1-73 square metres body-surface, was as follows: 
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Litres . 1-8 3-4 1-6 4:4 2-9 0-9 
The speed with which water is restored to the cells is shown in the case of 
E. R. in Fig. 3, and may be related to a reduction of blood-sugar from 480 mg. 
to 125 mg. per 100 ml. in the first 24 hours. Free glucose is confined almost 
completely to the extracellular compartment (Cori, Closs, and Cori, 1933; 
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Eggleton, 1935), and the correction of hyperglycaemia demands transfer of 
water into the cells for the maintenance of osmotic balance (Sunderman, 1943). 
Conversion of extracellular glucose into intracellular glycogen is also associated 
with an uptake of water by the cells. 

The movements of cell potassium, phosphorus, and nitrogen have been dis- 
cussed in detail by Reifenstein, Albright, and Wells (1945). The normal propor- 
tions are 1 gm. of nitrogen to 2-7 mEq of potassium, 67 mg. of phosphorus, and 
0-6 mEq of magnesium (Butler, Talbot, Burnett, Stanbury, and MacLachlan, 
1947). An outstanding feature of the present studies is the relative indepen- 
dence of the movements of the different cell constituents. The rapid entry of 
water into the cells in association with changes in osmolarity of the plasma and 
cells has already been described. The movement of potassium, phosphorus, and 
magnesium back into the cells during recovery from diabetic acidosis is associated 
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with the restoration of glycogen and organic phosphates, with the change in the 
‘base-binding power’ of the cell protein resulting from the correction of acidosis, 
and, thirdly, with the slow resynthesis of protein. The balances clearly demon- 
strate that the cells take up phosphorus, magnesium, and potassium in the 
absence of a proportionate positive balance for cell nitrogen. Indeed, electrolytes 
may move into the cells in spite of continued protein catabolism. Fig. 3 indi- 
cates the rate of uptake of water and electrolytes by the cells in the case of E.R. ; 
these restorations are shown against the normal cellular ratios of potassium, 
magnesium, and intracellular phosphate (Gamble, 1949). It is apparent that 
during recovery from diabetic ketosis these three electrolytes move into the 
cells at the same time and in the normal ratios. It is important to notice that 
none of the patients had achieved complete balance at the close of the study, but 
that all were still actively retaining nitrogen and, less conspicuously, electro- 
lytes and water. It seems likely that this final phase of cellular recovery is long 
and gradual, so that it would be difficult to study by balance methods. It 
follows that the quantities of potassium, magnesium, phosphorus, and nitrogen 
retained by the patients during the investigation were in fact less than the 
cellular losses sustained during the period of ketosis. 

The magnitude of the cellular potassium retention (corrected for body surface) 
in the five patients with prolonged ketosis is shown below: 


Patient . ER. L.R. Pr. G.R. 


Cell K balance (mEq) . 7 . +368 +308 +575 +217 +232 
Balance in excess of nitrogen (mEq). +452 +503 +630 +186 +338 


All the patients except G.R. had a negative cellular nitrogen balance, which 
is usually associated with a proportionate release of electrolyte. The ‘balance 
in excess of nitrogen’ represents the actual potassium balance corrected for this 
factor (Reifenstein, Albright, and Wells, 1945). The mean retention is 339 mEq, 
or 8-2 per cent. of the total body potassium (Hoffman, 1950), and this is only 
a partial restoration of the cellular losses arising during the ketosis. Elkinton 
and Tarail (1950) mentioned deficits ranging from 2-4 to 7-9 mEq per kg. body- 
weight. Calculated on this basis the retention of potassium by P.T. was 
14-2 mEq per kg. during the period of study. The influence of oral potassium 
supplements on the speed of restoration is shown in Fig. 4. In the case of L.R., 
who received only the potassium in the glucose-electrolyte solution and the diet, 
strongly positive cellular balances continued for eight days, whereas G.R. and 
F.H., who received additional potassium chloride and dibasic potassium phos- 
phate, completed this phase in four days. Alterations in plasma-potassium 
level and clinical manifestations of potassium depletion are discussed in a 
separate section. 

In the five patients with prolonged ketosis the cellular retention of phosphorus 
was as follows: 
Patient . . ER. L.R. G.R. F.H. 


Balance of cell phosphorus (gm.) —089 +1-81 +1-61 +0-10 
Balance in excess of nitrogen (gm.) . +5-12 +4-10 +3-14 +0-80 +2-61 
os ss » (mEq). +299 +238 +182 +46 +152 
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A small increment should be added for the release of bone phosphorus during 
the period of study. It may be determined from the calcium balance, using the 
Ca:P ratio 2-23: 1 (Reifenstein, Albright, and Wells, 1945). This was done in the 
study of F.H., and showed that the cell phosphorus balance should be increased 
by 0-67 gm. (corrected to 1-73 square metres body-surface). The mean retention 
of phosphorus was 1-13 gm., which is proportionately less than that of potassium 
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if considered in terms of total cell-constituents (Reifenstein, Albright, and Wells, 
1945). Cellular phosphorus exists in two main forms, first as stable organic 
compounds such as nucleoproteins and phospholipids, and secondly as labile 
or easily hydrolysed organic phosphates such as creatine phosphate and adeno- 
sine triphosphate. Ifthe cellular uptake of phosphorus is considered in terms of 
labile organic phosphate (Gamble, 1949), it is proportionate to potassium reten- 
tion (Fig. 3). This is in keeping with the suggestion that in the recovery from 
diabetic ketosis cellular organic phosphate is rapidly restored, whereas protein 
resynthesis is a comparatively slow process. The resynthesis of organic phos- 
phates, and passage of phosphorus into the cells with deposition of glycogen, 
leads to a striking reduction of the plasma level and urinary excretion of phos- 
phorus (Fig. 5). No clinical disturbances are known to result from hypophos- 
phataemia or cellular phosphorus deficiencies, although it has been claimed that 
additional sodium phosphate is beneficial in the treatment of diabetic ketosis 
(Franks, Berris, Kaplan, and Myers, 1948). 

Magnesium balances were performed on four of the patients with prolonged 
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ketosis, and showed considerable retention by the cells during the recovery 
period. 
Patient . . ER. L.R. Wak. 


Cell magnesium helene (aka) . . +54 +25 +49 +31 
Balance in excess of nitrogen (mEq) . +65 +170 +64 +54 


The mean retention, 40 mEq, is relatively a little less than the amount of 
potassium taken up in the same period (Fig. 3). Plasma levels were high before 
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treatment was started, but soon fell to normal (compare Martin and Wertman, 
1947). The urinary output of magnesium fell in all cases in the early stages of 
treatment. The reduction is so great as to suggest a special renal defence 
mechanism in magnesium depletion. The figures given in the Appendix 
(Table II) are for combined urinary and faecal output ; the changes in urinary 
magnesium are shown in Fig. 6. Magnesium is required by many important 
cellular enzyme-systems concerned in carbohydrate metabolism (Sumner and 
Somers, 1947) but little is known of the clinical significance of magnesium 
deficiency in man. 

The cellular protein-nitrogen balances, obtained by correcting the external 
nitrogen balances for changes in non-protein nitrogen levels, were as follows: 
Patient . . ER. L.R. Per. G.R. 
Cell protein- (gm. ) —746 —193 +114 —38-2 

During the development of ketosis, factors which increase the rate of cellular 
catabolism are insulin lack, acidosis, dehydration, and low caloric intake. These 
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were corrected in the early phase of treatment ; nevertheless the patients, with 
one exception, showed a negative nitrogen balance. In this series there is a 
clear correlation between the cell nitrogen balance and the daily excretion of 
1l-oxysteroids (Fig. 7). Adrenal cortical overactivity may be considered to be 
an important cause of the failure to establish a positive nitrogen balance. 
Another factor is the slow return of the appetite, particularly for protein food. 
The third diet used contained 92 gm. of protein, but the patients were unable 
to accept this before the last few days of the study. At this time the nitrogen 
balance was becoming positive, but it is clear that some weeks are required to 
restore the protein losses of diabetic ketosis. 


Patients J.R. and R.C. 


It has already been pointed out that the metabolic changes in the recovery 
period in patients J.R. and R.C. differed from those in patients with prolonged 
diabetic ketosis. The patterns of biochemical disturbance are related to the 
clinical findings in these patients. 


J.R. This patient developed a moderately severe acidosis (plasma-bicarbonate 
8 mEq per litre) over a period of about two days. Treatment in the first 12 hours 
was by intravenous 5 per cent. glucose-saline and a relatively small insulin dose 
of 150 units. A positive balance of water, sodium, and chloride was soon 
achieved, with a calculated restoration of the extracellular fluid of two litres. 
Yet in the same 24-hour period the patient was in gross negative balance for 
his cellular constituents—potassium 99 mEq, phosphorus 1,560 mg., and nitro- 
gen 6-0 gm., with a calculated loss of 1 litre of cell water. During this time there 
was an excessive glycosuria (146 gm.) and an associated polyuria of 4,500 ml. 
Treatment in the next 12 hours was more intensive, with an additional 350 units 
of insulin, and sodium lactate solution without glucose intravenously, followed 
by the glucose-electrolyte solution. In this period the glycosuria was reduced 
to 22 gm. and the urine volume to 1,500 ml. Renal losses of potassium (34 mEq) 
and phosphorus (530 mg.) were greatly reduced, and the patient began to be in 
positive potassium balance. The decrease of blood-sugar from 975 to 190 mg. 
per 100 ml. was associated with a cellular uptake of 3 litres of water in 24 hours. 
It is not intended that these two periods should be used as a comparison of two 
methods of treatment, but rather to illustrate the biochemical consequences 
of inadequate therapy in the first 12 hours. 

During the 10 days of recovery the patient was given 500 mEq of potassium, 
but retained only 98 mEq. It is considered that the short duration of the 
acidosis was probably not associated with a great loss of potassium, and that 
a continuing negative nitrogen balance prevented complete cellular restoration 
during the period of study. The total restoration of the extracellular fluid was 
3-2 litres per 1-73 square metres body-surface. It appears therefore that, 
although the period of acidosis was comparatively short, this patient lost as 
much fluid and electrolyte from the extracellular fluid as the patients with 
severe prolonged acidosis. 


R.C. was a severe diabetic, and in the 24 hours before admission to hospital 
had vomited repeatedly and omitted one dose of insulin. Her condition sug- 
gested severe diabetic ketosis, with glycosuria, ketonuria, a raised blood-sugar, 
and a plasma-bicarbonate of 8-9 mEq per litre. The blood-pressure was low, 
and fell to shock levels early in the course of treatment, necessitating the 
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administration of intravenous plasma. Large amounts of fluid, sodium, and 
chloride were retained early in the course of treatment, but 134 mEq of potas- 
sium given by mouth were excreted during the next six days. The balance study 
showed that there had been severe depletion of the extracellular compartment, 
with comparatively little loss of cellular constituents. This metabolic distur- 
bance resulted from vomiting rather than insulin lack, and its rapid correction 
prevented the severe depletion of the body-cells seen in prolonged acidosis. 


Potassium Deficiency 

The importance of potassium deficiency has only been recognized in the last 
few years. Some of the clinical manifestations are known, others only suspected. 
Detection is often difficult, because plasma levels do not necessarily reflect the 
cell balance of potassium. In untreated diabetic ketosis renal function is often 
impaired, and potassium may be released from the cells faster than it can be 
excreted in the urine. Plasma potassium levels may then be normal or high in 
spite of cellular depletion. When treatment is begun, many factors influence 
the extracellular potassium equilibrium ; these include urinary excretion, move- 
ments into or out of the cells, the administration of potassium by oral, intra- 
venous, or other routes, and the expansion of the extracellular space. The 
relevant data from the initial 12-hour treatment period in the patients E.R., 
P.T., and F.H. are given below ; details for J.R. over the first 24 hours are given 
for comparison. The figures are not corrected to a standard body-surface. 


Change in 

Plasma level Extra- extra- 

(mEq/l.) cellular Cellular cellular 
———_ Intake Output balance balance space 

Patient Period Before After (mEq) mEq (mEq) (mEq) (litres) 
E.R. hr. 5:7 3-2 3 20 —24 +7 +1-5 
Par. 12hr. 6-2 2-4 0 18 —14 —4 +0°5 
F.H. hr. 51 3-4 60 5 —12 +67 +1:7 
J.R. 24hr. 5-1 4-2 38 133 0 —95 +21 


Expansion of the extracellular fluid space is inadequate as an explanation of 
the hypokalaemia. In the patients E.R. and P.T. cellular potassium exchanges 
are insignificant, although these figures are over-all approximations, and do not 
exclude the possibility of differential uptake in certain tissues. The hypoka- 
laemia in these patients is related to urinary excretion, although J.R., who lost 
more potassium in this way, showed a smaller fall in the plasma level. The 
10-day balance study of J.R. showed little evidence of potassium depletion, and 
in contrast to the other patients available reserves were present in the cells to 
maintain the plasma concentration. Urinary loss of potassium is an important 
factor in the development of hypokalaemia. Renal conservation of potassium 
is inefficient, and considerable amounts may be lost in the urine in the presence 
of severe cellular potassium depletion. In the early periods of treatment the 
continuing urinary losses may be contrasted with the negligible amounts of 
phosphorus and magnesium excreted by the kidney (Fig. 5). Close correlation 
between glycosuria and urinary loss of potassium was only observed while the 
diabetic acidosis remained uncontrolled (Fig. 1). In the case of F.H., who 
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received 60 mEq of potassium intravenously in the first 12 hours, the fall of 
plasma level was less than in the other patients. Restoration of the cellular 
potassium started at once. The urinary excretion, in spite of a considerable 
intake, was less than in the other patients. It has been observed previously that 
potassium administration may improve the renal conservation mechanism in 
depleted patients (Tarail and Elkinton, 1949). 

Butler (1950) has reviewed the cases in which muscular weakness and electro- 
cardiographic changes have occurred during the treatment of diabetic ketosis. 
The changes in the gastro-intestinal tract consequent upon potassium depletion 
are much less often emphasized, although probably more common and more 
important. Atony of the gastro-intestinal tract has been demonstrated in 
potassium-depleted animals (Webster, Henrikson, and Currie, 1950) and para- 
lytic ileus in post-operative patients may be relieved by potassium administra- 
tion (Eliel, Pearson, and Rawson, 1950). Dilatation of the stomach is an ex- 
tremely common and troublesome complication in diabetic ketosis. It leads to 
regurgitant vomiting with aspiration of gastric contents into the lungs, and the 
ensuing bronchopneumonia is a common post-mortem finding in patients who 
have died in diabetic coma. In 30 patients with ketosis to whom potassium- 
containing solutions have been given early in the course of treatment there has 
been little evidence of gastric atony, and the incidence of vomiting has been 
much reduced. 


Cell Sodium 


Analysis of the data obtained in the present study suggests that cell sodium 
is depleted in prolonged diabetic ketosis. Restoration takes place in the first 
24 hours of treatment. During the next few days an excess of sodium passes into 
the cells, but is displaced as cellular potassium is restored. The distribution of 
retained sodium in the case of E.R. is shown in Fig. 8. At the end of the period 
of study there was a difference of 250 mEq between the amount retained by the 
body and the amount retained in the extracellular fluid. This probably repre- 
sents sodium moving into the cells to correct the deficit resulting from the 
diabetic acidosis, and the mean retention of sodium in the cells of the five 
patients with prolonged ketosis was 100 mEq. Fig. 8 also suggests that on the 
fifth day of treatment a very much larger amount of sodium was present in the 
cells, and that this was displaced as cellular potassium was restored. This 
movement of sodium in excess of cell requirements is due to correction of the 
over-all sodium deficiency before that of potassium. The effect of early supple- 
mentary potassium administration is shown in Fig. 9; E.R. received only the 
potassium contained in the glucose-electrolyte solution and the diet, G.R. was 
given additional potassium chloride, and F.H. dibasic potassium phosphate. In 
the case of E.R. excess of sodium apparently moved into the cells and was later 
expelled ; in the other patients the pre-existing cellular deficits of sodium were 
rapidly restored, but there was no evidence of over-correction. Little is at 
present known about the results of the presence of an excess of sodium in the 
cells. There is evidence that sodium may interfere with the action of essential 
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cellular enzyme-systems (Utter, 1950). It is also possible that the diversion 
of sodium to the cells may lead to contraction of the extracellular space and 
associated chloride excretion. 

Evidence of cellular sodium transfers is indirect, being obtained from the 
difference of external and extracellular balances. Although the external balance 
can be measured directly, the extracellular balance is derived from figures of 
chloride transfers, and is based on the assumption that chloride is entirely extra- 
cellular in distribution (Darrow, 1945). In health this is probably true, but it 
has been suggested that in acidosis chloride may move into the cells. If this 
happened in diabetic ketosis, correction of the acidosis in the early stages of 
treatment would lead to the transfer of chloride from the cells back to the extra- 
cellular fluid, and the expansion of the extracellular space in the early stages of 
treatment would in fact be greater than that calculated from the external 
chloride balance. Even if this has led to an underestimation of the expansion 
of the extracellular fluid, it does not significantly alter the data for cellular 
restoration of potassium, magnesium, or phosphorus, because the concentration 
of these ions in the extracellular fluid is only a fraction of that in the cells. The 
method described here has often been used for calculating cellular transfers of 
sodium (Darrow, 1945), but an abnormal distribution of chloride in diabetic 
acidosis would lead to a serious overestimation of the movement of sodium 
into the cells, and the figures for cellular sodium transfers are therefore put 
forward with this reservation. ~ 


Conclusions 

Butler (1950) has remarked that the earlier short-term studies of experimental 
diabetic ketosis could not completely define the nature and extent of the pro- 
cesses of recovery from severe diabetic acidosis, as seen in urgent admissions to 
the metabolic ward. The present observations were therefore made on diabetic 
patients with fully developed ketosis, and the metabolic balance studies were 
prolonged in order to obtain the maximum of precise information from this 
type of investigation. The short-term results of our studies are in accord with 
the classical observations on experimental diabetic ketosis, which were first 
reported by Atchley, Loeb, Richards, Benedict, and Driscoll (1933), and later by 
Butler, Talbot, Burnett, Stanbury, and MacLachlan (1947). In addition the 
present studies clearly show that, whereas the restoration of the depleted extra- 
cellular fluid is rapid with appropriate treatment, cellular recovery is slow and 
may, indeed, take several weeks to complete. Furthermore it has been demon- 
strated that the cell-constituents may be restored at widely different rates, and 
not necessarily in the proportions which are found in normal cells. 

Restoration of the extracellular fluid. During recovery the mean restoration 
of water and electrolytes to the extracellular fluid, per 1-73 square metres of 
body-surface, was: water 2-9 litres; sodium 428 mEq; chloride 390 mEq. This 
is equal to 20 to 25 per cent. of the normal total volume of extracellular fluid. 
Restoration of the extracellular fluid was rapid and largely complete in less than 
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48 hours (Fig. 2). In the early period of treatment there was a continuing exces- 
sive loss of water, sodium, and chloride in the urine, and the extent of these 
losses was closely related to the degree of glycosuria (Fig. 1). This confirms the 
observations of Brodsky, Rapoport, and West (1950) on the osmotic diuresis 
produced by glycosuria in diabetic subjects. Since glycosuria is inevitable in 
the initial stages of treatment, the amounts of water and electrolytes that need 
to be given to restore the extracellular fluid are always greater than the quanti- 
ties which are retained (Fig. 2). 

Restoration of the cells. Cell recovery occurs in three main overlapping phases 
(Fig. 3). In the first, water without an equivalent amount of electrolytes is 
rapidly taken up by the ceiis as the blood-sugar falls. This is a physical response 
to differential changes in osmolarity between the extracellular and cell fluids. 
In the second stage, lasting from six to ten days, potassium, magnesium, and 
phosphate ions are restored to the cells, together with additional quantities of 
water, but without an equivalent amount of nitrogen. The third and final stage 
of recovery begins when a positive balance of cell-nitrogen is achieved, about the 
seventh day of treatment. This stage is associated with the retention of addi- 
tional amounts of intracellular electrolytes, and is not completed by the end 
of 10 to 12 days. 

The mean restoration of cell electrolytes per 1-73 square metres of body- 
surface was: potassium 339 mEq; magnesium 40 mEq; phosphorus 66 mEq. 
Calculated in terms of total cell-constituents, the retention of phosphorus was 
relatively less than that of potassium. When the retained phosphorus was all 
considered as cell labile organic phosphate, the recovery was seen to be propor- 
tional (Fig. 3). The rapid uptake by the cells of potassium, magnesium, and 
phosphorus, without a corresponding positive nitrogen balance, may therefore 
be related to a restoration of depleted cell glycogen and organic phosphate. 
A secondary factor is the change in base-binding power of cell protein with the 
correction of the acidosis. The restoration of cell electrolytes is hastened by the 
administration of potassium and phosphate ions (Fig. 4). During the early 
stages of treatment large transfers of sodium ion into the cells occurred (Fig. 8). 
This can be reduced by adequate supplements of potassium (Fig. 9). The delay 
in achieving a positive cell protein balance has been correlated with two main 
factors: first the comparatively low protein intake in the early stages of treat- 
ment, and secondly the catabolic response associated with over-activity of the 
adrenal cortex, as measured by the increased urinary excretion of 11-oxysteroids 
(Fig. 7). 

Potassium deficiency and hypokalaemia. Before treatment the plasma levels 
of potassium, magnesium, and phosphorus were normal or high (Appendix, 
Table IIT), in spite of cell depletion of these electrolytes. The rapid catabolism 
of uncontrolled diabetic acidosis causes these ions to move out of the cells into 
the extracellular fluid and plasma faster than they can be excreted by the 
kidneys, whose function is impaired by dehydration. For the same reasons the 
blood-urea is raised (Appendix, Table IIIT) (McCance and Lawrence, 1935). 
Within a few hours of commencing treatment the plasma levels of potassium, 


= =, 


242 J. D. N. NABARRO, A. G. SPENCER, AND J. M. STOWERS 


magnesium, and phosphorus all fall below normal levels (Appendix, Table ITI). 
This fall results from the movement of these electrolytes back into the cells, 
and also from urinary losses as renal function returns with the correction of 
dehydration. Renal conservation of magnesium and phosphorus is soon highly 
effective, and they almost disappear from the urine (Fig. 5). Potassium is not 
so well conserved, and continues to be lost in the urine in spite of low plasma- 
potassium levels and cell depletion (Fig. 5). Serious hypokalaemia was pre- 
vented by the early intravenous administration of potassium, and none of the 
patients developed any of the symptoms and signs which have been described 
in association with very low plasma-potassium levels. Gastric dilatation and 
regurgitant vomiting, which are commonly troublesome and persistent com- 
plications of diabetic acidosis, responded rapidly to treatment which included 
intravenous potassium. It is suggested that the gastric dilatation of diabetic 
acidosis may in part be due to potassium deficiency. 
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Summary 

1. Prolonged metabolic balance studies of sodium, potassium, magnesium, 
chloride, phosphorus, and nitrogen were made on patients recovering from 
severe diabetic acidosis. The data are presented, analysed, and discussed. 

2. Extracellular fluid restoration was rapid, and approximated to 20 to 25 
per cent. of the normal extracellular fluid volume. 

3. Glycosuria increased renal losses of water, sodium, and chloride. 

4. Cell recovery was slow, and was not completed in 10 to 12 days. 

5. Differential rates of recovery were found for cell water, intracellular 
electrolytes, and cell nitrogen. 

6. Supplements of potassium hastened the restoration of this ion to the cells, 
reduced transfers of sodium into the cells, and prevented the development of 
serious hypokalaemia. 

7. The delay in achieving a positive balance for cell nitrogen was related to 
the comparatively low intake of protein, and to overactivity of the adrenal 
cortex as measured by an increased urinary excretion of reducing steroids. 

8. The significance of changes in the plasma levels of potassium, magnesium, 
and phosphorus are discussed in relation to cell metabolism and renal function. 
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TABLE III 


Estimations of Extracellular-fluid Water, Plasma-Sodium, -Potassium, -Chloride, 
-Bicarbonate, -Phosphate, and -Magnesium, Blood-Sugar, and Blood-Urea, during 
Recovery from Severe Diabetic Ketosis 

Plasma Blood 


Mg. Urea 
Time in relation (mg./ (mg. (mg. 
Patient to Periods ) ) ) (mEq: ) ) 180% ) 100 ml.) 100 ) 100 ml.) 
E.R. Before treatment 70 480 48 
i 2-6 275 me 
4 125 45 
1 


160 


830 
190 


Before treatment 260 
Periods I-II 


» 
Before treatment 


BVA YEER 


wa 


CANN 


treatment* 


93 
57 
39 


R.C. Before treatment 
Periods I-II 


* These estimations were made in the middle of Period I; for purposes of nein sai are in as vale treatment, 


L.R. Before treatment 0-901 135 39 
Periods I-II 0-934 147 36 

: » IX-X 0-936 144 
P.T. 715 
51 
40 
G.R. 135 60 

Periods I-II nas 140 250 45 

» IV-V 143 103 30 
: F.H. Before treatment 0-901 135 94 8-5 48 550 72 

i Periods I-II 0-942 143 105 22:0 22 290 51 
» 0-940 144 103 23-0 150 30 

» IV-V 0-931 142 102 26 

: J.R. 0-911 136 90 8-8 Po 975 48 

0-938 143 94 12-5 570 
0-936 141 95 13-5 on 190 35 

0-904 138 5-4 95 8-9 680 
0-931 144 40 103 80 
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TABLE IV 


Derived Data of Daily Extracellular and Cellular Balances in Patients Recovering 
from Severe Diabetic Ketosis 


Intracellular Balance in excess 
of nitrogen 


Extracellular 
A Protein 


Water ci 2 nitrogen 
Patient Period (mEq) 


E.R. 
Hil 
IV 
Vv 


VI 
Vil 
Vill 


+ 
op 
+ 
+ 
+ 


AYWY 


1 


—— me We 


* Twelve-hour period. 
Except in the case of F.H. these are not corrected for phosphorus liberated from bone. 


_ } This patient was constipated during the period of study, and phosphorus and magnesium balance data are therefore 
incomplete. 


Na K Mg K P Mg 
(mEq) (mEq) (gm.)t (mg.) (mEq) (gm.)t  (ng.) 
+296 +260 -—10-1 +4159 +7 —0-37 —93 +34 +0-30 —20 
+33 —10 —T5 +94 +0-19 —-12 +72 +42 
—45 —60 —90 +71 +60 +0°36 +19 +84 +40:96 +84 
—42 —40 —39 +76 +27 +0-28 +52 +38 +80 
—19 —28 +1-7 +44 #$+41 42+0-47 +79 +36 +67 
—13 —14 +08 +17 +39 +0:39 +25 +37 2+0:35 +19 
+17 +14 +1-7 —-12 +41 +55 +36 —0-05 +43 
+12 +14 —17 +24 +56 +31 —0-01 +74 i 
Ix +48 +60 —28 +28 +0-02 +71 +38 +0-27 +98 
x +40 +60 -59 —42 +12 +0-08 +51 +28 +0-47 +93 
XI +49 +60 —2:2 —34 +15 +018 +49 +21 +65 
XII +43 +60 +42 #414 +081 +151 +3 +053 +121 
Xi +32 +40 —33 +8 +075 +150 +041 +112 
L.R. I +374 +422 —176 +93 —2 -060 -124 +45 +0-58 +3 ; 
Il —15 —15 —106 +26 +44 +67 +73 +088 +143 
ill +13 +15 —7:2 —68 +43 +0:30 +40 +62 +0-78 +92 
IV —94 —68 —13-0 +33 +021 —8 +68 +1-08 +86 
Vv —82 —103 —56 +26 +37 +26 +52 +0-38 +67 
VI —33 —44 —62 +34 —0-33 +11 +51 +0-08 +56 
VI +0-2 +26 +29 0 +2 +37 +0-04 +60 +37 +0-04 +60 ; 
VI +01 +16 +15 —48 0 +39 —0-34 +34 +52 -—0-02 +69 
xX +0-3 +36 44 —-04 —28 +33 +60 +34 —0-09 +63 
x 0 +5 —8 —5-2 +4 -26 -—0-26 +26 +63 
XI +0:2 +22 +29 +8 +3 40-11 +80 -5 —0-08 +60 - 
+53 +41 +84 -—0-75 —87 +6 —0-50 —60 
0 +5 +16 +14 +18 —0-24 +27 +0-01 —8 
iil +06 +63 +88 +7 +17 —0-42 -50 +34 0 
IV —0-2 -—29 —29 +52 +24 —27 +29 +0-29 —13 
Vv —0:2 —25 —29 +29 +22 +0-05 +58 +27 +71 
VI +0-2 +17 +29 —21 +46 +0°53 +68 +37 +0-31 +44 
VII +0-2 +19 +29 —-34 +48 +0-51 +72 +44 +0-40 +60 
VII +03 +32 +44 —-59 +46 +0:34 +94 +46 +95 
+03 +36 +44 —33 +42 +0-47 +73 +37 40-34 +59 
x +0°3 +31 +44 -35 +36 +0-11 +58 +40 +69 
xI 0 —6 0 +32 +22 +76 +21 +76 
-01 -15 —15 +45 +22 +4015 +47 +22 40°14 +47 
G.R. I +30 +402 +470 +2 -—-24 —1-05 +8 —0-27 
Il -85 —143 +44 +0-13 +94 +0-22 
Il —0-7 —79 —100 +76 +4 +0-20 +8 +0°31 
IV +11 +149 +200 —206 +122 +0-41 +109 +0-10 
Vv —25 —29 +51 +7 +1:10 —8 +0:74 
VI —0-4 —44 —58 +65 +6 +0-64 =+40-23 
VII —0-4 —42 —58 +65 —16 —0-17 
Vill +19 +29 —24 0 -—0-08  —0-37 
F.H. I* +1:7 +257) +4252 +116 +67 +007 +130 +85 +050 +177 
+03 +9 +55 +3 —0-03 —14 
Il —06 —55 —87 +100 +121 +1-58 +15 +143 +2-11 +73 
IV —06 —76 —87 +13 -42 —0-55 +15 +0-08 +83 
Vv —0-2 —26 —29 +6 +81 —7 +110 +2-02 +69 
VI +0-4 +45 +58 -17 —0-60 +28 —-17 —0-46 +43 
VII +0-3 +39 +44 -7 -18 —0-51 +16 —0-46 +21 
0 -3 0 +12 -025 +24 —32 +0-45 +2 
—01 —8 —14 +30 +12 =—0-07 +58 +11 —010 +55 
x —-O1 -9 —14 +7 +21 —0-07 +49 +20 —0-09 +47 
xI +0-2 +20 +29 -18 +17 -—017 +59 +12 —0-30 +45 
I +21 +214 +318 —-46 —95 t 44 t 
Il +247 +280 —-60 +13 +43 
Il —0-6 —37 —85 +79 +127 +141 
IV —0-6 —85 +7 +11 +24 
Vv —0-2 —28 —28 —26 +5 +17 
VI —0-2 —27 —28 +9 —6 +5 ax 
VII —0O1 -17 —14 +17 —14 -1 
Vill +0-1 +12 +14 +12 -3 —5 
xX +18 +14 +139 +12 +9 
RC. +30 +378 +435 +138 —0-35 +161 +0-23 
Il +0-2 +25 +29 —41 +0-08 —28 +0-40 
iit —0-6 —73 —87 +56 -46 —081 —25 —0-28 ae 
IV +03 +16 +44 —36 -8 —063 +3 
Vv +0°5 +52 +72 —28 —32 —0-30 —27 —018 
VI +0°5 +55 +72 -77 -—12 —0-47 —0-47 
Vil +0°5 +57 +72 —99 -8 —0-23 -12 -—0-32 
Vill +0°5 +55 +72 —67 +6 —0-32 +11 —0-20 
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Methods of Calculation of Data 


The concentrations of Cl, Na, and K in extracellular water (ECW) were calcu- 
lated from the plasma concentration by the use of a mean Donnan factor 0-95. 
Plasma-water was measured directly. 


Cl 1 
Cleew = 
W, 0°95 


— N. ay X 
0-95 
= x W, 
where W,, = grammes of water in one ml. of plasma, Na,, K,, Cl, = concentra- 
tion of Na, K, Cl in the plasma, and Nagcw, Kucw, Clecw = concentration 
of Na, K, Cl in the extracellular water. 

Changes in the extracellular volume, AECW, are given by AECW = E,—F,, 
where £, is the initial extracellular fluid volume and £, is the final extracellular 
volume ; and 
E,Cl,+ Be, 

Cl, 


where Cl, and Cl, = initial and final concentrations of chloride in the ECW and 
Bo = external balance of chloride. For the purpose of this investigation F, 
was taken as 15 per cent. of the initial body-weight, rather than the 20 per cent. 
found in non-dehydrated patients (Elkinton, 1947); back calculation from the 
final figures shows that this assumption was justified. 

Changes in the volume of the intracellular water (ICW) were calculated from 
the equation 


AICW = AW - AECW 


where AW = the over-all external balance of water, allowing 460 ml. per square 
metre each 24-hour period for extrarenal losses and 250 ml. per day for water 
of metabolism. Calculations of the intracellular water balances were restricted 
to the first 72 hours of treatment. Water transfers were so large in this period 
of recovery that errors arising from the use of theoretical values for the water 
of metabolism and for extrarenal losses become insignificant. Elkinton and 
Taffel (1942) used corrected potassium balances to determine changes in cell 
water. This method has not been adopted because, during recovery from diabetic 
acidosis, the concentration of potassium in cell water may change rapidly, and 
there may be differential rates of transfer in selected tissues—for example, in the 
liver. 

Balances of extracellular Na and K were calculated from changes in their 
concentrations in extracellular water and changes in the extracellular fluid 
volume. The intracellular balances were derived from the external balance 
minus the extracellular balance. Changes in cellular phosphorus and magnesium 
were obtained from similar data. Cell protein-nitrogen balances were calculated 
from the external nitrogen balance corrected for changes in non-protein nitrogen, 
assuming the latter to be equally distributed throughout the total body water 
(65 per cent. of the body-weight). Finally, changes in cellular potassium, mag- 
nesium, and phosphorus in excess of changes in cell protein nitrogen were 
calculated by using the ratios 

1 gm. protein N = 2-7 mEq K = 67 mg. P = 0-6 mEq Mg 
(Reifenstein, Albright, and Wells, 1945; Butler, Talbot, Burnett, Stanbury, and 
MacLachlan, 1947). 
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HYPOPITUITARISM IN MALE SUBJECTS DUE TO 
SYPHILIS! | 
WITH A DISCUSSION OF ANDROGEN TREATMENT 


By M. H. OELBAUM 
(From the Manchester Royal Infirmary) 


With Plates 8 and 9 


Introduction 


THE one essential criterion for the diagnosis of hypopituitarism is evidence of 
destruction of the anterior pituitary (Simmonds, 1914a; Sheehan, 1948a). One 
of the most frequent causes of such a destruction is post-partum necrosis, and 
a great deal has been written in recent years on this aspect of the condition 
(Sheehan, 1937, 1939, 1940, 19486 ; Sheehan and Murdoch, 1938a, b, 1939 ; Cook, 
Bean, Franklin, and Embick, 1951; Oelbaum, 1952). Hypopituitarism in male 
subjects is relatively uncommon, and many such cases have as their pathological 
basis either a tumour or a cyst arising in the sella turcica or in its neighbourhood. 
These cases are complicated by symptoms of surrounding pressure, and are 
therefore of little value in the study of hypopituitarism. Calder (1932), in a 
review of 70 patients who in his opinion were suffering from hypopituitarism, 
found only 18 male patients. Sheehan and Summers (1949) have written ex- 
tensively on the pathological lesions of the pituitary. These were subdivided 
into five main classes: (1) acute lesions, (2) subacute lesions, (3) chronic fibroid 
lesions, (4) surgical hypophysectomy, (5) cysts and tumours. Each of these 
classes was further subdivided under various headings. In order to produce the 
classical symptoms and signs of hypopituitarism, the pathological process must 
involve the greater part of the anterior pituitary, and it must be of sufficient 
duration. During the last three years, seven male sufferers from hypopituitarism 
have been investigated and treated in the Manchester Royal Infirmary. Two 
of these cases were of syphilitic origin, in one case congenital and in the other 
acquired. In the remaining five cases the aetiological factor was trauma, tumour, 
agenesis, infection, and ‘giant-cell granuloma’ (Oelbaum and Wainwright, 
1950). The literature dealing with the part played by syphilis in causing | 
pituitary damage will be surveyed. Great care has had to be taken in accepting 
the diagnosis of hypopituitarism and of syphilis in the published cases, and where 
possible only those with post-mortem evidence will be considered. The fact 
that syphilis and hypopituitarism are present in the same patient does not, of 
course, mean that the latter is necessarily due to syphilis, especially in women, 
in whom post-partum necrosis is so much more important as a causative factor. 
Much of the work has therefore been restricted to male patients, and only a few 
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female patients with syphilis, in whom there was no evidence of post-partum 
necrosis, have been iricluded. 

The case histories of patients with subacute and chronic fibroid lesions of the 
anterior pituitary (excluding several sub-groups of known causation such as 
tuberculosis, trauma, healed post-partum necrosis, actinomycosis, and abscesses) 
have been analysed in an attempt to determine the role played by syphilis. Of 
121 patients with such pathological lesions of the anterior pituitary, 37 were 
male, and evidence of syphilis was found in 14 of these male patients (Table I). 


TABLE I 


and Neubuerger 
(1944) 


Lerman and 


Pallor; loss of libido; patenes; 


‘Ligh’ pains.’ Aygyll-Robertson 


Summary of Male Cases of Pituitary Damage associated with Syphilis 
Age of 
patient Pituitary 
Author pecs Symptoms of hypopituitarism Evidence of syphilis lesion 
Wood (1909) 37 None Past history of syphilis. Ptosis of | (?) Gumma 
left upper eyelid 
Simmonds (19146) 78 None Spirochaetes found in pituitary and Gumma 
lung gummata 
Woolley (1915) 52 None Lesion on soft palate; ulcer around Gumma 
right ankle. Past history of syphilis. 
Aortic aneurysm and syphilitic liver 
Hirsch (1922) 55 pan yen impotence; loss of pubic Past history of syphilis and gonor- ‘Capsularand 
and axillary hair and eyebrows; rhoea. Wassermann reaction posi- interstitial 
anaemia; dry skin; small testes tive. Defect in palate. Signs of fibrosis’ 
tabes dorsalis 
Plaut (1922) 54 Asthenia; loss of body hair; small Past history of syphilitic infection ‘Empty sella’ 
testes; pallor; hypotension; 
basal metabolic rate — 30% 
Jedlicka (1923) = None ndary syphilitic skin eruption (?) Gumma 
followed by multiple gummata 
Buday (1923) (2?) Gumma 
Insufficient clinical details (2) Gumma 
Fink (1926) 56 Asthenia; loss of body-hair;lemon- Past history of primary syphilitic Healed 
yellow tint of skin; atrophy of lesion followed by Gibemeien jidus gumma 
genitalia which improved on anti-luetic 
treatment 
Pennetti (1928) 28 None Scar on frenulum. Spirochaetes ‘Giant-cell 
found in pituitary granuloma’ 
Farquharson 50 Asthenia; impotence; intolerance Past history of gonorrhoea. Bilateral “General 
Graham 1931) of cold; ims scaly skin; loss of pyramidal signs. Wassermann re- scarring’ 
pubic and axillary air; hypo- action positive in blood and cerebro- 
tension; basal metavolic rate spinal fluid (cellular and protein in- 
—34%,; sensitivity to insulin crease also 
Reuter and 29 Growth and sexual development Father died of taboparesis. Early Healed 
Lamprecht (1937) ceased at 14 years. Asthenia; no death of two siblings gumma 
j axillary and sparse pubic hair; 
dry skin; anaemia; hypotension; 
basal metabolic rate -50% 
Darley, Gordon, 49 Asthenia; apathy; loss of libido ee ane. Healed 
and body hair; anaemia Gumma of testicle removed gumma 


tning 
loss of pubic and axillary hair pupils. Hinton test positive in blood 


smooth skin; basal metabolic rate 
— 30%; 17-ketosteroids 1-4 mg./ 
day; follicle-stimulating hormone 
<3 muu./day; ‘hypoglycaemia 
unresponsiveness’ 


Again it must be pointed out that such patients do not necessarily show the 
syndrome of hypopituitarism. In fact, the clinical picture of anterior pituitary 
failure was present in only seven of the 14 syphilitic male patients found in the 
literature. Syphilitic destruction of the anterior pituitary was known to the 
older writers (Virchow, 1858; Weigert, 1875; Beadles, 1897; Hunter, 1898), but 
little that is authoritative has been written on the subject. Simmonds (1916) 
examined the pituitary glands in 1,700 consecutive necropsies, and found nine 
with syphilitic lesions. Riecker and Curtis (1932), in a review of 24 cases of 
destructive lesions of the anterior pituitary, found five in which syphilis was 
incriminated. Kennedy and Fisher (1934) attempted to review the literature 


Means (1945) 
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dealing with syphilis of the pituitary body, but appear to have accepted without 
question many cases which further scrutiny would have shown to be non- 
syphilitic. As regards the clinical picture, Kennedy and Fisher (1934) found 
that many of the recorded patients had no symptoms referable to the pituitary, 
some developed diabetes insipidus, and a few showed ‘hypophyseal cachexia’. 
May and Robert (1935) could find only one patient with syphilis among a 
collection of 40 cases of Simmonds’s disease which had come to autopsy. It is 
interesting to note that Farquharson (1950), in a discussion of fibrotic lesions 
of the anterior pituitary, concluded that ‘there is strong evidence in a number 
of instances that the fibrosis is the scar of a former active luetic lesion, and it is 
probable that lues is the chief cause of this type of fibrosis’. 

The clinical picture and laboratory findings in hypopituitarism have been 
adequately surveyed by Sheehan and Summers (1949), and there is little that 
one can add. The two cases to be described illustrate some of the main features. 
A review of the treatment of hypopituitarism will also be given, with special 
emphasis on the use of androgens. Their anabolic effects and mode of action 
wil] be discussed. 


Congenital Syphilis and the Anterior Pituitary 

Changes in the pituitary resulting from congenital syphilis are not infrequent 
(Jaffé, 1922 ; Nonne, 1922). Schmidt (1903) was the first to describe, at a patho- 
logical conference at Cassel, the changes in the anterior pituitary in a syphilitic 
new-born child. The anterior pituitary was enlarged and yellow, and micro- 
scopically extensive necrosis was found, accompanied by chronic fibrosis 
between the columns of epithelial cells. There was no formation of gummata. 
Simmonds (19146) systematically investigated the pituitaries of congenitally 
syphilitic new-born infants. He examined 12 cases, and found five with micro- 
scopical changes affecting only the anterior lobe, and consisting of a diffuse 
interstitial hypophysitis with or without the formation of necrotic foci and 
round-cell infiltration. In one case he found miliary gummata. Simmonds was 
unable to discover residual damage in the pituitary in older children, and he 
stated that the changes in the pituitary occur only in severe cases leading to 
early death. All this accords with the work of Paris and Sabaréanu (1910), who 
found spirochaetes in the anterior pituitary in three out of seven macerated 
foetuses born from syphilitic mothers. Similar histological changes in the 
anterior pituitary of congenitally syphilitic babies were described by Schaefer 
(1919) and Schmitt (1923-4). Berberich (1926) claimed that the changes found 
in the pituitary in congenital syphilis were due to trauma rather than to 
syphilis, but Rizzi (1940-1) described cellular atrophy and interstitial sclerosis 
in the anterior pituitary in congenitally syphilitic babies, many of whom were 
premature ; there was no question of trauma in these cases. 

Pituitary damage resulting from congenital syphilis in older children has rarely 
been satisfactorily described. Clinical cases of congenital syphilis associated 
with dystrophia adiposo-genitalis have been recorded (Wagenmann, 1908; 
Goldstein, 1914; Nonne, 1916, 1922; Cockayne, 1916; Langmead, 1916), but 


252 M. H. OELBAUM 


there is no evidence of pituitary damage in these cases. They can be dismissed 
as completely outside the scope of hypopituitarism. Chiari (1913) demonstrated 
a gumma in the pituitary of a nine-year-old girl at a conference in Strasbourg. 
There was clinical evidence of congenital syphilis in spite of a negative Wasser- 
mann reaction, but hypopituitarism had not developed  Biichler (1921) 
described a woman aged 23 years with infantilism and congenital syphilis. There 
was clear clinical evidence of both hypopituitarism and congenital syphilis, and 
at autopsy the pituitary showed gummatous inflammatory changes. Reuter and 
Lamprecht (1937) recorded a case of hypopituitarism in a man aged 29 years. 
At autopsy no trace of the anterior lobe of the pituitary could be found in serial 
sections. The posterior lobe showed increase of glia with areas of necrosis and 
endarteritis obliterans. Twelve years previously there had been symptoms of 
suprasellar pressure in the form of diabetes insipidus, and later homonymous 
hemianopia. The Wassermann reaction was negative, and the only evidence in 
favour of congenital syphilis as the causative factor was the fact that the 
patient’s father died from taboparesis and two siblings had died shortly after 
birth. 


Case Report 


Case 1. An unmarried man, aged 45 years, was admitted to the Manchester 
Royal Infirmary under the care of Dr. A. H. Holmes in October 1948. He had 
been an in-patient in January 1948, when the diagnosis of congenital syphilis 
was made and he was treated with penicillin 500,000 units daily for 28 days. 
Treatment had been continued with weekly intramuscular injections of bismuth 
for 10 weeks, followed by weekly intravenous injections of an arsenical for 
15 weeks. On his admission in October 1948 he complained of failing vision in 
the right eye, which had gradually come on in the last 12 months and had 
brought about his previous admission. Since the age of eight years vision in the 
left eye had been extremely poor. When the patient was 15 years old he 
developed an illness diagnosed as nephritis and characterized by headache, 
oedema of the ankles, and albuminuria. This illness had cleared up completely 
and was followed by (1) failure of further growth, (2) loss of axillary and pubic 
hair, (3) diminution in the size of the external genitalia, (4) failure of develop- 
ment of libido, and (5) marked sensitivity to cold. All these symptoms had 
persisted for the ensuing 30 years. At the age of 20 years a perforation of the 
palate was noted. During the last six years there had been increasing asthenia, 
and more recently slight loss of weight. The patient had never found it neces- 
sary to shave. A total dental extraction had been performed at the age of 
30 years. The family history was not significant apart from the fact that three 
siblings had died in infancy. 

Clinical examination. The patient was short in stature and of poor general 
muscular development (Plate 8, Fig. 3) (height, 62 in.; weight, 98 lb.). There 
was frontal bossing and a depressed bridge of the nose (Plate 8, Fig. 5). 
Intelligence was normal. The voice was high-pitched. The skin was smooth 
and had a yellowish pallor, but the mucous membranes were of a good colour. 
The hard palate revealed an oval perforation (}” by }”) in the mid-line (Plate 
8, Fig. 6). Rhagades were present, and the general appearance was that of a 
woman of about 60 years. The head-hair and eyebrows were normal, but there 
was no axillary, pubic, or body hair (Plate 8, Fig. 3). The pulse-rate was 58, 
and the blood-pressure 100/65 mm. Hg. The right pupil was larger than the 
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left, and both were irregular and reacted poorly to light. Both eyes revealed old 
interstitial keratitis, and in addition the right eye showed peripheral choroiditis, 
and the left eye secondary lens opacities. The penis was very small, and the 
testes undescended and of the size of peas. The prostate could not be felt. 
There were no abnormal signs in the chest, abdomen, or nervous system. 
Investigations. The blood contained 5-2 million red cells per c.mm., haemo- 
globin 14-1 gm. per 100 ml., and white cells 4,600 per c.mm., with a normal 
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Fic. 1. Case 1. Glucose and insulin tolerance curves, the 
latter showing marked ‘hypoglycaemia unresponsiveness’. 


differential count. The blood Wassermann reaction was positive in a dilution of 
1 in 6, and the Kahn reaction was positive. The basal metabolic rate was 

decreased by 40 per cent., and the blood-cholesterol was 278 mg. per 100 ml. 

The Kepler test (Robinson, Power, and Kepler, 1941) was performed twice, and 

was positive on each occasion. The Mayo Clinic factor was at first 274, but later 
it was 23. The glucose- and insulin-tolerance curves are shown in Fig. 1. The 

17-ketosteroid excretion was 7-5 mg. per day, and the output of gonadotrophins 

was less than 8 mouse units per day. X-ray examination of the skull showed 

a mixture of sclerosis and patchy porosis in the right frontal region, and X-rays 

of the wrist and knee joints showed the presence of epiphyseal lines correspond- 

ing to a bone-age of about 18 years. The sodium, potassium, calcium, inorganic 

phosphorus, and protein content of the serum were all normal. 

Progress. Treatment with methyl testosterone, 60 mg. daily, was com-. 
menced, and after three days’ treatment there was marked subjective improve- 
ment. There was an increase in strength, erections became frequent, and after 
three weeks the testes descended and increased in size. The appetite improved, 
and there was a gain of 10 lb. in weight. The basa! metabolic rate was now only 
decreased by 1 per cent., and cold sensitivity had diminished. After three 
months’ treatment the weight was 114 lb., there was a striking increase in 


a 
60 
\ 
20 


254 M. H. OELBAUM 


strength, libido was normal, and there was a considerable increase in size of the 
external genitalia, with a growth of pubic hair. The basal metabolic rate was 
now increased by 15 per cent. After 12 months’ treatment the improvement was 

remarkable (Plate 8, Fig. 4); the patient was working 72 hours a week. 

There was no growth of axillary hair, but for the first time the patient was 

shaving, although only at weekly intervals. The epiphyses showed only a slight 

tendency to unite. After 14 months’ treatment the patient married, and was 

capable of sexual intercourse fairly frequently. The hormone assays did not 

alter as a result of treatment. 

Comment. This patient has many stigmata of congenital syphilis—perforation 
of the palate, interstitial keratitis, rhagades, frontal bossing, and depression of 
the nasal bridge. Positive serological tests, and the history of the death of three 
siblings in infancy, place the diagnosis of congenital syphilis beyond doubt. The 
clinical picture is typical of hypopituitarism occurring at an early age. Bio- 
chemically it is surprising to find an appreciable excretion of 17-ketosteroids, 
but this has been recorded previously (Simpson, 1948; Oelbaum, 1952). It is 
probable that the pathological lesion affecting the anterior pituitary is a diffuse 
interstitial fibrosis rather than a gumma. The latter would probably have 
caused symptoms of suprasellar pressure in the past such as diabetes insipidus, 
oculomotor weakness, or visual-field defect. Treatment directed against syphilis 
did not appear to improve the hypopituitarism, but there was a prompt and 
sustained response to androgen therapy. 


Acquired Syphilis and the Anterior Pituitary 

A number of pathological lesions affecting the anterior pituitary have been 
described as occurring in acquired syphilis, and most of them have been of a 
fibrotic nature. It is important to realize, however, that a particular type of 
lesion may result from several different disease processes. Also one patho- 
logical picture may, in the course of time, change into another. Thus the ‘empty 
sella’ stage probably represents the final scarring of some previous acute or sub- 
acute pathological process, such as ischaemic necrosis, cystic degeneration, 
‘giant-cell granuloma’, or gumma of the pituitary (Cooke and Sheehan, 1950). 

A gumma of the pituitary is a pathological curiosity. The majority of cases 
found post-mortem are unsuspected clinically, while nearly all the clinical cases 
reported have been unverified anatomically. Cohn (1923) was able to collect 
from the literature 21 cases of pituitary gummata, but the clinical histories of 
many are insufficient or lacking ; histological difficulties were also encountered, 
and some of the cases were probably of tuberculous origin (Skubiszewski, 1924) ; 
a few fall into the category of so-called ‘giant-cell granuloma’. Sheehan and 
Summers (1949) included only 10 cases under the heading of massive gummatous 
necrosis, and eight were in female patients. The usual age incidence was 40 to 
60 years, and in all the patients there was evidence of gummata elsewhere, 
particularly in the liver and skull bones. The lesion was probably of short 
duration, and produced no symptoms of hypopituitarism. The pituitary was 
usually found to be somewhat enlarged, and contained a necrotic mass involving 
both the anterior and posterior lobes. The necrotic area was surrounded by a 
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layer of granulation tissue containing plasma cells and a few giant cells. The 
two male patients mentioned by Sheehan and Summers (1949) are those 
described by Simmonds (19146) and Woolley (1915). Four additional male cases 
have been described, two by Buday (1923) and one each by Wood (1909) and 
Jedlicka (1923), but clinical details concerning these cases are meagre, and it is 
impossible to come to any definite conclusion as to their aetiology. Several 
cases have been described in which the changes in the pituitary are the result of 
a healed gumma. The clinical picture is usually quite characteristic, in that 
there is a past history of suprasellar symptoms, which retrogress and are 
followed by the symptoms and signs of depressed anterior pituitary function. 
At autopsy the pituitary is represented by a mass of dense scar-tissue with little 
remaining glandular parenchyma. The posterior lobe is usually small and 
fibrotic. Male cases have been described by Fink (1926) and Darley, Gordon, 
and Neubuerger (1944). The case described by Reuter and Lamprecht (1937), and 
mentioned in the section on congenital syphilis, was included by Sheehan 
and Summers (1949) under the heading of healed gummatous necrosis. 

Two of the three male cases described under the heading of general scarring 
(Sheehan and Summers, 1949) appear to be of syphilitic origin. These are the 
cases of Farquharson and Graham (1931) and Lerman and Means (1945). Both 
patients showed well-marked signs of hypopituitarism. Pathologically there 
was extensive scarring affecting both the anterior and posterior lobes. Islets of 
fibrotic or non-fibrotic parenchyma were found in the scarred anterior lobe. 
Sheehan and Summers (1949) described two further subdivisions of fibrotic 
lesions of the anterior pituitary, namely, interstitial fibrosis and capsular plus 
interstitial fibrosis. In the former group the lesion is usually less severe, and the 
degree of damage is insufficient to produce the clinical picture associated with 
severe long-standing pituitary failure. The aetiology is varied, but includes the 
congenital syphilitic cases described previously. The capsular-plus-interstitial 
fibrotic group contains five male cases, and one of these was of syphilitic origin 
(Hirsch, 1922). This patient illustrated all the classical features of hypo- 
pituitarism. In this type of lesion the pituitary is small, the capsule is thickened, 
and spreading into the anterior lobe are strands of fibrous tissue splitting up the 
glandular parenchyma into small islands. 

In the ‘empty sella’ type of lesion the sella turcica appears to be quite empty, 
but histological examination of the floor of the sella usually reveals a dense layer 
of fibrous tissue enclosing a very thin layer of anterior-lobe parenchyma 
(Sheehan and Summers, 1949). The posterior lobe may vary from an almost 
normal appearance to a shrunken mass at the back of the sella. Only two male 
cases have been placed in this category ; one of these was of syphilitic origin and 
showed well-marked signs of hypopituitarism (Plaut, 1922). 

Sheehan and Summers (1949) classified from the literature a number of cases 
under the heading ‘giant-cell granuloma of the anterior pituitary’. It is purely 
a pathological diagnosis, and the main feature is a replacement of nearly the 
whole of the anterior pituitary by multiple small granulomatous nodules 
resembling tubercles. Histologically there are giant-cell systems, but only rarely 
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central necrosis or caseation. Extensive lymphocytic and plasma-cell infiltration, 
with moderate fibrosis, is usually present. The posterior lobe is occasionally 
involved. Several of the published cases had similar lesions in the brain and 
meninges, often diagnosed as gummata. Sheehan and Summers (1949) stated 
that ‘the group may include lesions due to several different causes, such as 
syphilis, tuberculosis, or sarcoidosis, but most of the cases appear to be examples 
of a specific disease process whose aetiology is unknown’. Seventeen cases have 
been collected in the subacute phase, and nine cases in the healed stage. Most 
of the patients have been women aged 45 to 65 years, and only two cases of 
subacute and three of healed lesions have been described in male patients. Of 
these five male cases only one was of syphilitic origin (Pennetti, 1928). There 
was no evidence of hypopituitarism in this patient. 

The acquired syphilitic cases we have so far considered all have autopsy con- 
firmation. The pathological lesion varies from a gummatous change to a fibrotic 
process affecting the anterior, and sometimes the posterior, lobe of the pituitary. 
Symptoms of hypopituitarism have only been present in those cases in which 
the destruction of the anterior pituitary has been both extensive and of long 
duration. Thus hypopituitarism is not present in patients with massive gum- 
matous necrosis because of the relatively short duration of the process. It will 
be seen from the above account that syphilis is an important cause of damage 
to the pituitary, and Farquharson (1949) has pointed out that sometimes the 
pituitary lesion is the only evidence of such syphilitic infection. 

A number of clinical cases of hypopituitarism associated with acquired 
syphilis have been described (Nonne, 1916, 1922; Feit, 1920; Reye, 1920; 
Wittgenstein and Kroner, 1921; Riecker and Curtis, 1932; Bulger and Barr, 
1936; Dick and Dine, 1938). In all these clinical cases the evidence is in favour 
of the hypopituitarism arising as a result of syphilitic destruction of the anterior 
pituitary. Only three female patients have been included in the above group, 
and in none of them was there a history suggestive of a difficult labour in the 
past ; in fact only one of the female patients is recorded as having had a child. 
In all the cases the evidence for syphilitic infection is overwhelming. 


Case Report 


Case 2. A married man, aged 56 years, was admitted to the Manchester 
Royal Infirmary under the care of Dr. C. 8S. D. Don in July 1948. He was com- 
plaining of diffuse aching pains affecting the muscles of the back, all four limbs, 
and chest. This pain had been present on and off for six years, and in 1946 he 
was treated for a period of eight months with radiant heat and massage. During 
the last four years increasing weakness was noted, and this became so severe 
that for a period of four months the patient was almost completely bedridden. 
Great sensitivity to cold and anorexia developed. Over the past six years there 
had been a loss of axillary and pubic hair, diminution of libido, and decrease in 
size of the external genitalia. At the same time the patient found it necessary 
to shave only every second or third day, instead of his previous custom of 
shaving daily. A gradual loss of 56 lb. in weight occurred over a period of eight 
years. The patient had three children, the youngest of whom was 20 years old. 
There was no previous history of serious illness. 
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Clinical examination. He was of normal proportions, but had obviously lost 
a considerable amount of weight (height, 64 in.; weight, 130 lb.). The facial 
appearance (Plate 9, Fig. 7) suggested a severe underlying illness. Speech 
and movement were very slow, and although the weather was hot the patient 
kept himself well covered with blankets. The skin was smooth, with a glistening 
appearance, and there was obvious pallor, alchough the mucous membranes 
were not particularly pale. Tattoo marks were present on both forearms. The 
head hair was fine in texture, and the eyebrows rather scanty. There was no 
axillary (Plate 9, Fig. 8) or body hair, but there was a moderate growth of very 
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Fic. 2. Case 2. Glucose- and insulin-tolerance curves, the 
latter showing marked ‘hypoglycaemia unresponsiveness’. 


thin pubic hair with a feminine distribution (Plate 9, Fig. 9). The pulse-rate 
was 60, and the blood-pressure 110/70 mm. Hg. There were no abnormal signs 
in the spine, joints, chest, abdomen, or nervous system. 

Investigations. The blood contained 4:31 million red cells per c.mm., haemo- 
globin 11-6 gm. per 100 ml., and white cells 8,500 per c.mm., with 41 per cent. 
lymphocytes. The blood Wassermann reaction was positive at a dilution of 
lin 8. The cerebrospinal fluid contained 14 lymphocytes per c.mm., but other- 
wise was perfectly normal, and gave a negative Wassermann reaction. The 
basal metabolic rate was decreased by 25 per cent., and the blood-cholesterol 
was 272 mg. per 100 ml. The Kepler test was performed twice, and was positive 
on each occasion. The Mayo Clinic factor was at first 23, and later 5. The 
glucose- and insulin-tolerance curves are shown in Fig. 2. The 17-ketosteroid 
excretion was 2-4 mg. per day, and the output of gonadotrophins was less than 
4 mouse units per day. The serum-sodium was 310 mg. per 100 ml., but the 
rest of the blood chemistry was normal. X-ray examination of the skull was 
normal. 

Progress. The patient was first treated with potassium iodide and mercury, 
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and then was given penicillin, 500,000 units daily. Within three days there were 
striking mental changes; he became completely disorientated and paranoid. 
On stopping the penicillin the mental symptoms gradually disappeared during 
the next week. After three weeks a second attempt to treat the patient with 
penicillin, this time with a much smaller dosage, was unsuccessful, again because 
of the development of mental symptoms. Treatment with methyl testosterone 
60 mg. daily was then commenced. After four days there was a considerable 
improvement both mentally and physically. After one week libido returned, 
and for the first time for six years the patient experienced erections. The diffuse 
pains disappeared, appetite became normal, strength returned, and there was 
no complaint of sensitivity to cold. At the end of one year’s treatment with the 
same dosage of methyl testosterone the initial improvement had been main- 
tained. The weight was now 140 lb., and there were no symptoms whatsoever. 
The complexion was now quite ruddy, the haemoglobin was 13-9 gm. per 100 ml., _ 
and there was a slight growth of hair in the axillae and over the arms. The penis 
and prostate had increased in size, and the blood-pressure was 135/85 mm. Hg. 
The basal metabolic rate was decreased by 5 per cent., and the insulin-tolerance 
curve was now within the normal range. The Kepler test and hormone assays 
did not show any appreciable change from the values obtained before treatment. 
The patient returned to work and was capable of working long hours, and this 
satisfactory state of affairs was maintained by continued treatment with 
methyl testosterone. 


Comment. The clinical picture and biochemical findings strongly support the 
diagnosis of hypopituitarism. The probable cause of the condition in this 
patient is considered to be acquired syphilis, in spite of the fact that the only 
evidence for this is serological. As mentioned above, sometimes the pituitary 
lesion is the only sign of past syphilitic infection. The duration of the infection 
could not be ascertained. The presence of latent cerebral syphilis is verified by 
the nature of the Herxheimer responses to two attempts at penicillin therapy. 
As there had never been any symptoms or signs in the past suggesting increased 
intracranial pressure, it is unlikely that a pituitary gumma was responsible for 
the clinical picture. A fibrotic lesion is more probable. The response to androgen 
therapy has been most gratifying. 


Treatment with Special Reference to the Use of Androgens 


Attempts have been made to treat hypopituitarism in the female by inducing 
a pregnancy, with the help of hormone therapy, and thereby causing a hyper- 
plasia of the remaining healthy pituitary tissue (Sheehan and Murdoch, 1939). 
Ovulation is extremely difficult to induce in these patients, and therefore this 
form of treatment can rarely be carried out successfully. Implantation of hypo- 
physeal tissue has been tried, especially in the Scandinavian countries. Many 
of the cases so treated have been suffering from anorexia nervosa and not from 
hypopituitarism, and therefore any success obtained is attributable to psycho- 
logical factors. Since pituitary insufficiency causes thyroid, adrenocortical, and 
gonadal failure, it is logical to use the trophic hormones which stimulate these 
glands to renewed activity ; but at the present time pituitary hormone therapy 
is generally unsatisfactory (Jeffcoate, 1948; Tucker, Chitwood, and Parker, 
1950). Treatment with thyroid has been used, but many of the patients so 
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treated have developed symptoms of adrenal failure, and several have died 
(Means, Hertz, and Lerman, 1940; Lerman and Stebbins, 1942). The thyroid 
preparation raises the metabolism, and presumably causes a relative increase in 
the shortage of adrenocortical hormones. It may also aggravate the condition 
directly by causing an increased output of sodium chloride. This effect can be 
counteracted by the simultaneous use of desoxycorticosterone acetate and 
sodium chloride. Benefit in hypopituitarism has resulted from the sole admini- 
stration of adrenal cortical extract and sodium chloride (Stephens, 1940, 1941), 
and this is especially so in those patients who have greatly impaired adrenal 
function. Simpson (1948) has found a considerable danger of overdosage with 
desoxycorticosterone acetate, and remarks that pig adrenal cortical extract is . 
likely to prove of greater benefit because of the larger amounts of carbohydrate- 
regulating factor. 

We will now consider the value of androgenic hormones in the treatment of 
hypopituitarism. The main indication for their use is based on their property of 
increasing protein anabolism. They are, of course, at the same time correcting 
the gonadal insufficiency present in male patients with hypopituitarism. Good 
results have been reported by a number of investigators (Means, Hertz, and 
Lerman, 1940; Escamilla and Lisser, 1942; Williams and Whittenberger, 1942; 
Werner and West, 1943; Lisser and Curtis, 1945; Burke and Cantor, 1945; 
McGavack, Saccone, Vogel, and Harris, 1946; Simpson and Wright, 1947; 
Simpson and Taylor, 1947). Werner and West (1943) treated four sufferers from 
hypopituitarism with methyl testosterone 100 mg. daily, and balance studies 
were conducted on two of these patients, both during and after treatment. 
Striking subjective, objective, and laboratory changes occurred. Clinically 
there was an increase in appetite and sense of well-being, greater muscular 
development, and return of libido. Pubic and axillary hair reappeared. Nitro- 
gen retention and an increase in creatinuria were the most interesting laboratory 
findings. The basal metabolic rate tended to rise, and the blood-cholesterol to 
fall. There was no change in the 17-ketosteroid excretion. Androgens have 
been used successfully for some time in the treatment of primary testicular 
failure (Foss, 1937, 1939; Kenyon, 1938; McCullagh, 1939). This treatment 
produces an increase in the size of the penis, scrotum, prostate, and seminal 
vesicles, growth of sexual and body hair, deepening of the voice and enlargement 
of the larynx, definite changes in the texture of the skin, and a considerable gain 
in weight. In addition to these objective changes there are uniform subjective 
effects, namely, more vigour with less fatigability, frequent erections, increase of 
potency, and a general improvement in the sense of well-being. The effect of 
testosterone on spermatogenesis has not been fully investigated, and a variable 
response has been described. McCullagh and McGurl (1940) noted a fall in 
sperm production when using large doses of testosterone propionate, though 
permanent damage did not occur. Howard (1941) stated that androgens had 
not produced sterility, and in fact recorded an increased sperm count in one 
hypogonad patient. Hurxthal, Bruns, and Musulin (1949) produced spermato- 
genesis in five hypogonad patients treated with testosterone. 
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Anabolic effects of the androgens. It is interesting to note that Simpson (1938) 
described a considerable gain in weight in thyrotoxic patients treated with 
testosterone propionate. Kinsell, Hertz, and Reifenstein (1944) described 
a retention of nitrogen, decrease of creatinuria, and gain in weight under similar 
circumstances, but there was little change in the thyrotoxicosis per se. These 
effects are all the more remarkable when one considers the difficulty of making 
an active hyperthyroid patient gain weight. In the last decade or so the 
association between somatic and sexual development in man has become clearer. 
The first experimental observations were those made on the castrate dog by 
Kochakian and Murlin (1935, 1936) and Kochakian (1937). These workers 
demonstrated that urinary androgens, androstenedione, and _ testosterone 
induced a prompt and sustained fall in urinary nitrogen excretion. This fall 
was unaccompanied by any rise in the concentration of nitrogenous constituents 
in the blood, and the faecal nitrogen excretion was not affected. They pointed 
out that the maximal effect was in the neighbourhood of 0-05 gm. of nitrogen 
stored per kg. of body-weight per day. This effect could not be exceeded by 
increasing or protracting the dosage of the androgen. On stopping the treatment 
a rebound excretion of nitrogen occurred, but this was occasionally delayed and 
incomplete. The site of protein deposit was thought to be the genital acces- 
sories, but Korenchevsky, Dennison, and Brovsin (1936) wrote of the anabolic 
property of the androgens in a more general sense. The extraordinary muscular 
development in some cases of precocious puberty suggested that muscle must 
be considered as a possible site for new tissue formation. This was confirmed 
by the experiments of Papanicolaou and Falk (1938), who studied the temporal 
muscles of the guinea-pig. Substances associated with nitrogen in the tissues 
have also been investigated and found to undergo retention as a result of testo- 
sterone treatment. Thus the urinary sulphate declined in parallel with the 
urinary nitrogen (Knowlton, Kenyon, Sandiford, Lotwin, and Fricker, 1942), 
and similar results were obtained when the urinary excretion of inorganic 
phosphorus was studied (Kenyon, Knowlton, Sandiford, Koch, and Lotwin, 
1940). No alteration was found in the faecal excretion of sulphur and phos- 
phorus, nor was there any change in the blood concentration of these substances. 
Calcium retention was observed by Albright, Parson, and Bloomberg (1941) in 
subjects with Cushing’s syndrome receiving testosterone propionate. The 
decline in urinary nitrogen, inorganic phosphorus, and sulphate as a result of 
androgens was accompanied by an irregular reduction in excretion of sodium, 
chloride, and potassium. The urinary volume was also frequently reduced. It 
is interesting to note the fall in urinary potassium excretion, since adrenal 
extracts have the opposite effect. It is probable that potassium retained during 
treatment with testosterone is associated with protein in the new tissue formed. 
The description given above of the effects of testosterone on nitrogen, sulphur, 
phosphorus, and potassium metabolism strongly suggests the growth of cellular 
mass. This recalls the increased somatic, as well as sexual, growth of boys with 
interstitial-cell tumours of the testis (Rowlands and Nicholson, 1929). Webster 
and Hoskins (1940) described eight boys with retarded genital development who 
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received testosterone propionate 75 to 125 mg. weekly. The rate of growth was 
more than doubled during treatment for a period of 100 days. The growth- 
promoting properties of methyl testosterone in small sexually under-developed 
boys were stressed by Wilkins, Fleischmann, and Howard (1941). 

The writer has made studies of the calcium, phosphorus, and nitrogen meta- 
bolism of both patients described in this article, and a full account has been 
given elsewhere (Oelbaum, 1951). Methyl testosterone resulted in a considerable 
retention of all these elements in the approximate proportions in which they 
occur in bone and protoplasm, a fact which suggests that they were being stored 
in these tissues. The androgen caused a diminution in urinary nitrogen, urinary 
phosphorus, and faecal calcium. The urinary calcium showed little change, but 
the faecal phosphorus was somewhat diminished. Case 1 retained 3-1 gm. of 
nitrogen per day over and above the control period as a result of treatment with 
methyl testosterone. Thus in 15 days there was a retention of 46-5 gm. of 
nitrogen, which is equivalent to almost 290 gm. of protein. Similar treatment 
resulted in Case 2 retaining 1-85 gm. of nitrogen per day. Since the combined 
weight of the normal prostate and seminal vesicles does not exceed 50 gm., only 
a small proportion of the retained protein can go to increase the size of the 
accessory genitalia. An expansion of the extracellular fluid compartment can 
account for very little of the retained nitrogen. 

Mode of action of the androgens. In considering the mode of action of the 
androgens in promoting growth and the deposition of protein, one is led to 
compare their action with that of the growth hormone of the anterior pituitary. 
Administration of the latter hormone causes a decrease in urinary nitrogen 
which, for short experiments of one or two days, may be as great as 50 per cent. 
(Teel and Cushing, 1930). The growth hormone has a specific metabolic effect 
in promoting a gain in weight. Analysis of the composition of the weight that 
is gained indicates that nitrogen and protein are the body-constituents most 
specifically influenced by the treatment (Lee and Schaffer, 1934). The experi- 
mental evidence can only be interpreted as showing retention of nitrogen and 
synthesis of protein, or decreased catabolism of protein, under the influence of 
the growth principle (Lee, 1938). In view of the similarity in action of the 
androgens and the growth hormone it might be reasonable to suppose that the 
former act via the anterior pituitary in exerting anabolic effects. That this is 
not the case is shown by the nitrogen retention obtained in adults with Sim- 
monds’s disease treated with methyl testosterone (Werner and West, 1943; 
Oelbaum, 1951). Metabolic studies of the effects of androgens on patients with 
Addison’s “?sease have shown that the adrenal cortex is not a necessary inter- 
mediary in vhe metabolic response. Thus normal reductions in urinary nitrogen, 
inorganic phosphorus, sulphate, sodium, potassium, and creatine have been 
obtained in subjects with Addison’s disease treated with testosterone propionate 
(Kenyon, Knowlton, Sandiford, and Fricker, 1943; Talbot, Butler, and Mac- 
Lachlan, 1943). From the above considerations it appears that the metabolic 
effects of the androgens are exerted directly upon the tissues, without the 
intervention of the anterior pituitary or adrenal cortex. The problem has been 
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studied more recently by Bartter, Forbes, Jefferies, Carroll, and Albright (1949). 
Female patients with Cushing’s syndrome treated with testosterone showed a 
considerable anabolism of protoplasm, a decrease in 17-ketosteroids of endo- 
genous origin (Reifenstein, Forbes, Albright, Donaldson, and Carroll, 1945), and 
a decrease in ‘1l-oxysteroid’ excretion. Testosterone could produce these 
effects either by (1) inhibiting adrenocorticotrophic hormone (ACTH) produc- 
tion by the anterior pituitary, or (2) inhibiting the action of ACTH on the 
adrenal cortex, or (3) inhibiting or neutralizing the action of adrenal cortical 
hormones on tissues. Taking these possibilities in the reverse order, Bartter, 
Forbes, Jefferies, Carroll, and Albright argued that since testosterone produces 
its anabolic effects in Addison’s disease, it must have an action peripheral to the 
adrenal cortex. Methyl testosterone administered simultaneously with ACTH 
does not exert its full anabolic effects, nor prevent the rise in ‘11-oxysteroids’, 
the fall in eosinophils, or the rise in 17-ketosteroids; therefore methyl testo- 
sterone presumably does not inhibit the action of ACTH on the adrenal cortex. 
Methy] testosterone does produce a fall in ‘11-oxysteroids’ and in 17-ketosteroid 
excretion in female patients with Cushing’s syndrome, and thus it can presum- 
ably inhibit production of ACTH by the pituitary. The above data supported 
their conclusion that testosterone has both a direct anabolic effect on tissues and 
an inhibitory effect on the pituitary in patients with Cushing’s syndrome. 


Acknowledgements 


I wish to thank Dr. A. H. Holmes and Dr. C. 8. D. Don, under whose care the 
patients were admitted, for permission to publish the case reports. I should also 
like to thank the Staff of the Department of Clinical Pathology for assistance 
with the biochemical investigations, and Dr. A. M. Hain for the hormone assays. 
Finally I wish to thank the Staff of the Department of Medical Photography 
for the illustrations. 

Summary 

1. Two male cases of hypopituitarism are reported, one due to congenital and 
the other to acquired syphilis. 

2. The literature dealing with congenital and acquired syphilitic disease of 
the anterior pituitary is reviewed. Of 37 male patients showing subacute and 
chronic destructive lesions of the anterior pituitary, evidence is brought for- 
ward to suggest that syphilis was the aetiological factor in 14. 

3. The treatment of hypopituitarism is discussed, with particular emphasis 
on the value of androgens. Their anabolic effects and mode of action are 
described. Testosterone produces a retention of nitrogen, calcium, phosphorus, 
sulphur, and potassium in similar proportions to those in which they occur in 
the tissues. This metabolic effect is a direct one upon the tissues, without the 
intervention of the anterior pituitary or adrenal cortex. 
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TUMOURS INVOLVING THE BRAIN-STEM! 


A Study of 90 Cases arising in the Brain-stem, 
Fourth Ventricle, and Pineal Tissue 


By H. J. BARNETT anp H. H. HYLAND 


(From the Department of Medicine, University of Toronto, and the Medical 
Service, Toronto General Hospital) 


With Plates 10 to 13 


MANIFESTATIONS of brain-stem involvement may result from pressure or distor- 
tion caused by tumours arising anywhere in the posterior fossa, including 
acoustic neuromas, cerebellar tumours, and posteriorly situated tumours of the 
third ventricle. But the tumours most likely to give initial signs predominantly 
pointing to involvement of the brain-stem are those arising within its sub- 
stance, or from tissues intimately related to it such as the ependyma and 
choroid plexus of the fourth ventricle and pineal tissue. Tumours originating 
in the brain-stem, fourth ventricle, and pineal tissue constitute only a small 
proportion of intracranial neoplasms (Alpers and Watt, 1935; Horrax and 
Buckley, 1930; Davis and Cushing, 1925; Haldeman, 1927; Brock and Needles, 
1930; Buckley, 1930; Alpers and Yaskin, 1939; Hare and Wolf, 1934; Glaser, 
1929; Pilcher, 1934; Ringertz and Reymond, 1949; Baggenstoss and Love, 
1939; Guillain, Bertrand, and Gruner, 1945; Lereboullet, 1932). Children have 
comprised a majority of the reported patients, and as a rule the studies have 
been confined to small groups of cases. We have been able to collect 90 cases 
of pathologically verified tumours arising within the brain-stem or fourth ven- 
tricle or from pineal tissue. Since this series is larger than most of those recorded, 
and the age of the patients greater, it has been considered worthy of analysis. 

Incidence. Thetumours were all studied in the Department of Neuropathology 
connected with the Toronto General Hospital in the 20-year period between 
1930 and 1950. In this hospital, from 1940 to 1949 inclusive, there were 688 
patients with verified cerebral tumours. One hundred and sixty-eight tumours 
(30 per cent.) were infratentorial, and 49 (7 per cent.) involved the brain- 
stem. Twenty-three arose primarily therein, 19 in the fourth ventricle and 
seven in pineal tissue. These figures are comparable to those of Gibbs (1932), 
who found that of 1,545 verified brain tumours 544 (35 per cent.) were infraten- 
torial and 150 (9 per cent.) arose primarily in the brain-stem, fourth ventricle, 
or pineal tissue. 

Pathological Observations 

The nature of the lesions and their situations in the 90 cases are shown in 

Table I. Gliomas constitute the largest number, and the commonest site of 
1 Received October 5, 1951 
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origin is the upper brain-stem. The next highest incidence is in the fourth 
ventricle, where ependymomas predominate. Pineal and lower-brain-stem 
tumours are relatively few. Twenty-two of the 36 gliomas were formed of 
rapidly growing types of cells, and 14 were of lesser degrees of malignancy. 


TABLE [ 


Nature and Site of 90 Verified Tumours Involving the Brain-stem 


Fourth 
Midbrain Pons Medulla_ ventricle Pineal 


Glioma 16 14 2 4 
Ependymoma 5 2 2 1 16 
Angioma 
Tuberculoma 
Teratoma . 
Haemangio- 


Total 21 21 31 10 


Guillain, Bertrand, and Gruner (1945) found that six of their 12 brain-stem 
tumours were astrocytomas and six were more malignant ‘glioblastomatous’ 
growths. In their review of the literature the more malignant types predomi- 
nated by about three to one. The average age of our patients with gliomas, 
ependymomas, papillomas, and vascular tumours and malformations, fell in 
each case within the fourth decade (Table II). Thus the patients with gliomas 


TABLE II 


Age and Sex Distribution 


Average age Agespread Male Female 
(years) (years) 


Glioma (36) ; 3 to 58 23 13 
Ependymoma (21). 2 to 66 . 16 5 
Papilloma 18 to 61 5 4 
Pinealoma (10) . 15 to 46 5 5 
Vascular tumour (7) . 14 to 58 
Tuberculoma (4) 25 to 31 

Teratoma (2). 38 to 45 


of the brain-stem and ventricular tumours were older than is generally reported. 
The patients with pinealomas, though of a younger average age than the others, 
were mostly adults. Our youngest patient, two years and three months old, had 
an ependymoma of the fourth ventricle, but the other eight patients in the first 
decade had brain-stem gliomas. A preponderance of male patients with brain- 
stem gliomas may not be significant, but our findings in the case of ependy- 
momas are similar to those recently reported by Ringertz and Reymond (1949), 
who tabulated 72 cases in which the proportion of male to female patients was 
approximately 2-5: 1 for ependymomas anywhere in the central nervous system, 
and 3:1 for ependymomas of the fourth ventricle. 

Included in the 90 tumours were nine which gave rise to no symptoms 
during life and were found incidentally post mortem. One of these was an 
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angiomatous malformation, and eight were ependymomas. Six of the latter 
arose from the caudal portion of the floor of the fourth ventricle in the region 
of the calamus scriptorius. Plate 10, Fig. 1 shows the location of the lesion in one 
of these cases. Since further growth, with adherence to neighbouring structures, 
obscures the original site of attachment of these tumours, such incidentally dis- 
covered lesions are of considerable interest. They indicate the commonest point 
of firm attachment of the growth, and make the disappointing operative results 
readily understood. 


Clinical Observations 

Material. Twenty-four of the 90 cases were considered unsuitable for clinical 
analysis because of inadequate data. Omitting also the nine asymptomatic cases 
mentioned above, there remained 57 cases available for detailed clinical study. 
These included 33 tumours arising primarily in the brain-stem, 17 arising in 
the fourth ventricle, and seven arising from pineal tissue. 

Initial Symptoms. The earliest symptoms are important, because they may 
precede extensive vascular changes or effects of pressure. The initial symptoms 


TABLE IIT 


Initial Symptoms in 57 Cases of Tumour Involving the Brain-stem 


Localizing 
manifestations 


Site of Obstructive Cranial Motor and Other 
tumours hydrocephalus _—_nerves sensory symptoms 
Primary in 
brain-stem (33). 13 11 15 
Ventricular (17) : 9 5 
Pineal (7) : 3 0 6 


in the present series feli into three groups: (1) those due to obstructive hydro- 
cephalus, (2) those due to involvement of cranial-nerve nuclei or long tracts in 
the brain-stem, or both, and (3) those not attributable to either (1) or (2). 
Some patients had symptoms referable to two or even three of these groups 
(Table ITT). 

1. Obstructive hydrocephalus. In this category were found a high proportion 
of the ventricular and a lesser proportion of the brain-stem and pineal tumours. 
The early onset of headache, nausea, vomiting, and drowsiness suggested that 
obstructive hydrocephalus was developing. When these symptoms were 
coupled with a short history, with evidence of marked papilloedema, and 
occasionally with radiological changes, they pointed clearly to obstructive 
hydrocephalus. Midbrain tumours were thus manifest at the onset twice as 
frequently as those of the pons, and only one medullary tumour showed this 
initial picture. The cerebrospinal fluid pathway is obviously more likely to be- 
come obstructed by the peri-aqueductal growths. Ventricular tumours presented 
even more frequently with signs of obstructive hydrocephalus. Most of the 
pineal tumours gave rise to other initial symptoms, only three out of seven 
patients complaining at the onset of symptoms interpreted as due to this cause. 
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Headache was among the initial symptoms in 44 per cent. of all the cases. In 
six cases there was good reason to believe that a very localized type of pain was 
due to local involvement of pain-sensitive intracranial structures, as other 
evidence of obstructive hydrocephalus was lacking. 

2. Localizing symptoms. Two-thirds (21 of 33) of the patients with primary 
brain-stem tumours had involvement of cranial nerves or long tracts, or both, 
among their initial symptoms, the cranial nerves and long tracts being initially 
involved with almost equal frequency. The pyramidal tracts were more often 
affected than the sensory tracts, and evidence of early involvement of cere- 
bellar connexions was very infrequent. These findings contrast with those in 
cases of ventricular and pineal tumours, in which cranial nerves were initially 
involved in only three patients. All these three patients had eighth-nerve 
symptoms. The patients with ventricular tumours complained of no initial 
symptoms indicating involvement of the long tracts, but in four instances 
there were symptoms suggesting disturbed cerebellar function. True vertigo, 
occurring in spontaneous attacks or on change of posture, was an initial or very 
early symptom in eight patients, and two other patients had less specific 
dizziness as a presenting symptom. In eight of these cases the tumours were 
primarily in the brain-stem, and in the remaining two the fourth ventricle was 
the site of origin. In four instances the vertigo stopped after a period, but in the 
remainder it persisted throughout the course of the illness. Tinnitus was an 
associated early symptom in four of these cases, being lateralized in three. 

3. Other Symptoms. Symptoms other than those generally recognized as due 
to obstructive hydrocephalus or to involvement of neighbouring structures fre- 
quently stood out at first. This was most noticeable in the pineal cases (six in 
seven) and in the brain-stem group (15 in 33). Fatigue was the most prominent 
of these symptoms, and was present with equal frequency in the three groups. 
Twenty-five per cent. of the 57 patients had fatigue as an initial symptom, and 
an additional 7 per cent. regarded their initial symptoms as ‘flu’ or a ‘cold’. 
Although fatigue is encountered as an initial symptom of tumours arising else- 
where in the brain (Hyland and Botterell, 1937), this high incidence is surprising. 

Mental and emotional symptoms occurred early, or predominated in the 
course of the illness, in 13 of the patients. Keschner, Bender and Strauss (1937) 
found mental symptoms in 47 per cent. of 120 patients with subtentorial 
tumours ; in 14 instances they occurred early, and in three they were the present- 
ing symptoms. Wilson and Rupp (1946) found prominent mental symptoms 
in 16 of 21 patients with extramedullary tumours of the posterior fossa. Six of 
their patients showed no evidence of increased intracranial pressure, and the 
authors suggested that interference with venous and venous-sinus drainage 
might be the important aetiological factor. Cairns (1950) reported a small group 
of pontine tumours of which mental disturbances were the first symptoms, and 
presented cases indicating that hydrocephalus cannot always be claimed as 
the cause of these symptoms. Only one of our 13 patients showed no evidence 
of increased intracranial pressure or of hydrocephalus. The lesion in this 
case gave rise to no focal neurological signs (Case 1). Another patient, whose 
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tumour was primarily in the pineal region, experienced as a first symptom 
a great reduction in her life-long tendency to emotional outbursts (Case 2). It 
was not until a year and a half later that she had symptoms clearly due to 
obstructive hydrocephalus. In the other cases loss of memory, deterioration of 
school-work, loss of drive and enthusiasm, irritability, a tendency to tell lies, 
a tendency to moodiness, and the onset of nightmares were encountered early 
or initially. 

Gastro-intestinal symptoms occurred early in four patients with tumours 
of the brain-stem, and in six with ventricular tumours. Constipation and 
diarrhoea were encountered early in the illness as frequently as nausea and 
vomiting. In two patients severe nausea and vomiting were the initial symp- 
toms, but a coexisting pregnancy delayed the recognition of their true signifi- 
cance. The most striking example of the confusion resulting from abdominal 
symptoms was illustrated by one patient whose major symptom was persistent 
vomiting. This was mistaken for evidence of primary intra-abdominal disease, 
and he was subjected to a cholecystectomy, a gastro-enterostomy and a gastrec- 
tomy before the development of papilloedema made it obvious that he was 
suffering from a tumour, which proved to be an ependymoma arising from the 
floor of the fourth ventricle. Superficial mucosal ulcerations were found at the 
time of the gastrectomy. Excessive appetite was a prominent symptom in 
only two patients. One had a pinealoma invading the midbrain and hypo- 
thalamus, and the other a rapidly growing glioma of the midbrain which early 
led to obstructive hydrocephalus. In both cases hypothalamic changes may 
have been responsible for the rapacious appetite ; but since severe hydrocephalus 
was found in both instances, damage to the frontal lobe is a possible cause, 
as this has been shown experimentally to produce bulimia (Fulton, 1949a). 
Gastro-intestinal symptoms have been described as a result of intracranial 
tumours in all sites. But it is well known that vagal activity, in the presence 
of an intact sympathetic nervous system, is necessary to pass the food through 
the gut. Vagal stimulation produces increased peristalsis, sphincter relaxation, 
and pancreatic and salivary secretion (Fulton, 1949b), and the diarrhoea seen 
in two of our cases may have been the result of vagal irritation, since the 
tumours were situated in the fourth ventricle. The patient who had ulcerations 
in the gastric mucosa therein resembled the patient studied by Wolf and Wolff 
(1942), who developed superficial erosions in the mucosa of his gastric fistula 
whenever there was ‘prolonged parasympathetic overactivity brought on by 
emotional stimuli’. In our patient a direct invasion of the vagal nuclei was 
demonstrated. Of our seven patients who complained of severe constipation, 
all but one had papilloedema. In these six patients, and perhaps in the two with 
diarrhoea, the changes in the autonomic control of the bowel musculature may 
have been the indirect result of the hydrocephalus. Both inhibition and stimu- 
lation of gastric motility have been found in experimental stimulation of the 
hypothalamus, and the work of Beattie and Sheehan (1934) suggests that 
inhibition occurs when the posterior hypothalamus is excited, and excessive - 
motility as a result of excitation in the region of the tuber cinereum. Perhaps 
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of equal importance is the effect of obstructive hydrocephalus on the cortical 
area of representation of gastro-intestinal motility. Such representation has 
been shown experimentally to exist in the frontal lobes, both on the orbital 
surface and in the same areas as the frontal eye-fields (Sheehan, 1934-5). This 
subject requires further investigation, though, as Penfield has suggested from 
his studies, the insular cortex has some relationship at least to the sensory 
representation of the abdominal contents (Penfield and Rasmussen, 1950), and 
quite possibly to the motor functions as well. Vomiting was present early in 
five cases before any other evidence of increased intracranial pressure was 
apparent. In all five the pathological process was proved later to be within the 
lower brain-stem, or else in a position to press upon the caudal or lateral portion 
of the floor of the fourth ventricle. Presumably the vomiting was due to the 
direct effect of the lesion on the medullary structures. 

Trauma at onset. The onset of symptoms was related by the patient to an 
immediately antecedent or coexistent physical or physiological trauma in 13 
cases. We consider that in all cases the traumatic experiences merely served 
to make the symptoms manifest, and believe this relationship to be of impor- 
tance only in that it serves to ‘muddy the diagnostic waters’. Globus, Zucker, 
Sapirstein, and Kanzer (1940) reviewed a large number of patients with and 
without tumours, and found a history of trauma in an equal number of both 
groups. In our series there were five patients in whom symptoms became 
manifest within a few hours or days after a blow on the head. One six-year-old 
child had a history of particular interest in this connexion: a peripheral type 
of facial nerve palsy occurred immediately after trauma and cleared up within 
a week, only to recur with other signs several weeks later. A malignant pontine 
glioma was found. 

Three patients first experienced symptoms during pregnancy, and three 
immediately after delivery. The subject of brain tumours complicating preg- 
nancy has recently been reviewed by Rand and Andler (1950). In several of 
these cases the diagnosis was delayed because it was assumed that the initial 
symptoms were trivial complications of pregnancy. Cushing and Bailey (1928) 
stated that ‘pregnancy appears to be a not uncommon provocative element in 
bringing tumours to light, more particularly perhaps angiomatous lesions’. 

Cases of sudden onset. A dramatically sudden onset of symptoms tends to 
suggest a vascular lesion rather than a neoplasm. Nevertheless, such an onset 
has been referred to in another report of brain-stem neoplasms (Brock and 
Needles, 1930), and it occurred in 12 of our patients. In six it was related to 
trauma or to parturition. Of these 12 patients, two had vascular malformations, 
five had brain-stem gliomas, three had ventricular ependymomas, and two 
had pinealomas. No patient in this group had a papilloma. The sudden onset 
in cases of brain-stem glioma consisted of impairment of function of the third, 
sixth, or seventh cranial nerves. A mistaken diagnosis of Bell’s palsy was 
temporarily entertained in three cases. The ependymomas presenting in this 
fashion did so by rapidly developing one or several of the signs of increased 
intracranial pressure. The two pinealomas also became apparent as the result 
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of what appeared to be an obstructive, albeit intermittent, phenomenon, 
since sudden disabling headaches ushered in their course. Haemorrhage, intra- 
medullary and subarachnoid respectively, resulted in the sudden onset of 
a rapidly fatal chain of events in the two patients with vascular malformations. 

Later symptoms of importance. 1. Headache. Headache and neck pain were 
present in about 70 per cent. of the patients with primary brain-stem and 
ventricular tumours, and in 57 per cent. of those with pinealomas. It is note- 
worthy that these symptoms were absent in a fair proportion of cases, a fact 
which is contrary to the experience of Wolff (1948), who stated that ‘headache 
is almost always present with posterior fossa tumours, and is usually the first 
symptom’. Nuchal pain occurred in patients with tumours at all sites, but was 
predominantly a feature in those with ventricular tumours, in whom its frequency 
was about 50 per cent. One patient, with a pinealoma producing hydro- 
cephalus, periodically had painful neck spasms (Case 3). Cerebellar pressure- 
coning, or actual extension of the tumour into the foramen magnum, with 
pressure on upper cervical nerve roots, may account for this nuchal pain, and 
variation in the degree of increased pressure may explain the frequently inter- 
mittent nature of the symptom. Since, however, the pain-sensitive structures 
in the posterior fossa are known to be partially innervated by the second cer- 
vical sensory root, direct pressure on the upper cervical nerve roots is not always 
necessary as an explanation of this symptom. Unilateral pain, both focal and 
diffuse, including three instances of pain consistently behind or above one eye, 
was encountered occasionally. This focal pain was noted with intra- as well as 
with extramedullary tumours. In the former the pain may be due to involve- 
ment of the fifth nerve close to or within the brain-stem. It is of interest that 
a similar type of pain is encountered occasionally in cases of thrombosis of 
the posterior inferior cerebellar artery. With extramedullary tumours the 
mechanism of pain production may be distortion of, or pressure on, structures 
at the base innervated by branches of the ophthalmic division of the fifth nerve, 
or distortion of the fifth nerve itself and pressure on it as it leaves the dural 
space. This mechanism was particularly suggested in one patient with promi- 
nent unilateral periorbital pain and a reduced ipsilateral corneal reflex. A 
papilloma of the choroid plexus and hydrocephalus were found at autopsy, and 
there was no local damage to the brain-stem. Headache or pain related to 
sudden change in posture was infrequent, but occurred in one patient with a 
tumour of the brain-stem and in two with ventricular tumours. 

2. Bladder-sphincter disturbances. Apart from two cases of pineal tumour 
presenting with diabetes insipidus, there were only three instances in which 
urinary function was early involved. In these cases, two brain-stem tumours 
and one pinealoma, increased frequency was an early symptom, and there was 
nothing in the history to suggest that obstructive hydrocephalus was a factor 
at that time. Later in the illness eight other patients, four with brain-stem 
tumours, three with ventricular tumours, and one with a pinealoma, had 
bladder-sphincter disturbance. Three of these patients were considered to be 
free from obstructive hydrocephalus at the time of onset of the symptoms, and 
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they showed respectively hesitancy of micturition, frequency, and retention 
of urine. Papilloedema was present in four of the other five patients, and all 
five showed some degree of mental dulling, suggesting internal hydrocephalus. 
In these cases incontinence was the rule. It would seem that, with tumours in 
these situations, sphincter disturbance can result either from interruption of 
impulses from higher bladder-control centres as they descend or ascend through 
the brain-stem, or from damage to the hypothalamus or hemispheres as a 
result of an obstructive hydrocephalus. Holman (1926) suggested that urinary 
difficulties, in patients with cerebral tumours who are not irrational or unicon- 
scious, indicate the posterior fossa as the probable site. In another review of 
120 subtentorial tumours (Keschner, Bender, and Strauss, 1937) incontinence, 
dribbling, hesitancy, or urgency was present in 15 cases. The infrequency of 
sphincter disturbance in patients with extramedullary tumours pressing on the 
brain-stem and cord at the level of the foramen magnum is well recognized 
(Symonds and Meadows, 1937). 

3. Motor and sensory attacks. Transitory and recurrent attacks of altered 
motor or sensory function, or episodes of impaired consciousness, or both to- 


TABLE IV 


Number of Patients with Paroxysmal Manifestations 
Non-epileptic 


phenomena 
Epilepsy Motor Sensory diplopia spells 
3 6 21 10 5 


gether, occurred in 65 per cent. of patients with ventricular, 43 per cent. of 
those with pineal, and 36 per cent. of those with brain-stem tumours. True 
epileptic grand mal or focal seizures were few, and all occurred in patients 
who had far-advanced obstructive hydrocephalus, so that the epilepsy may have 
been due to consequent cortical damage or altered circulation. Parker (1930) 
found that none of 96 patients with subtentorial tumours had epileptiform con- 
vulsions. Of 66 patients with posterior fossa tumours Dixon and Fitzgerald 
(1942) found that four had seizures, in addition to a few with cerebellar fits 
consisting of varying periods of stiffness and unconsciousness. Of 164 patients 
with expanding lesions in the posterior fossa, some type of attack was found 
in 37 (Petersen and Erickson, 1940). These included nine patients who had 
attacks of simple loss of consciousness, and four who had true epileptic con- 
vulsions. Six of our patients experienced episodes of non-epileptic motor 
phenomena. In three instances these consisted of intermittent hiccoughs or 
respiratory stridor, or both. In one patient, who proved to have an ependymoma 
attached to the floor of the fourth ventricle, hiccoughing attacks lasting 20 to 
40 seconds were precipitated by sudden turning of the head. One patient 
(Case 3), with severe hydrocephalus due to a pinealoma, had intermittent pain- 
ful spasms of the neck-muscles coming on every one to five hours, and for 
five to ten minutes the head would be jerked over to one side. One patient 
had recurrent spells of generalized motor weakness suggestive of cataplexy, 
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which may have been akin to the sudden and incompletely understood accesses 
of weakness in the lower extremities described in patients with third-ventricle 
colloid cysts (Kelly, 1951). Another patient periodically assumed a fixed 
position of body flexion. 

The most frequent type of attack consisted of intermittent sensory pheno- 
mena, commonly taking the form of hemi- or quadriparaesthesiae. Attacks of 
facial numbness occurred in two patients, in one of whom the tumour was 
infiltrating the pons in the region of the entry of the trigeminal nerves ; in the 
other it was in the fourth ventricle. Another patient with a ventricular tumour 
experienced typical unilateral tic douloureux for one year before admission. 
Ventricular tumours, by intermittently distorting the brain-stem, may disturb 
the extramedullary fibres of the fifth nerve. Grant, Webster, and Weinberger 
(1941) reported subjective facial numbness in eight patients of 158 with cere- 
bellar tumours, and seven had objective trigeminal disturbance. Where attacks 
of this nature are intermittent, recurrent oedema or transitory vascular altera- 
tions are possibly responsible. Greenfield, however, (1939) stated that macro- 
scopic changes indicating oedema are not found in association with brain-stem 
tumours. Paroxysmal hemianopia occurred in two of our patients, both with 
pinealomas. In one (Case 2) this condition recurred at intervals for 20 months. 
In the other (Case 3) it was episodic but not so striking. Both had severe 
hydrocephalus, one with great ballooning of the sella, and in both the colli- 
cular region and the external geniculate ganglia were extensively invaded. It is 
considered that three mechanisms might have been responsible for the hemi- 
anopia: (1) intermittent increase in oedema, causing further dilatation of the 
infundibular region, with pressure on or stretching of the optic tracts; (2) 
involvement of the external geniculate ganglia ; (3) disturbance of the circula- 
tion to one occipital lobe through intermittent blocking of the posterior cerebral 
artery (Moore and Stern, 1938) or obstruction of the veins draining the calcarine 
cortex. 

Two patients complained of intermittent tinnitus, and single patients de- 
scribed, respectively, intermittent bad taste in the mouth, a smothering sensation 
made worse by bending, periodic dull sickening epigastric pains, and intermit- 
tent severe pains in the lower limbs. The last symptom is difficult to explain, 
but doubtless the mechanism of its production was similar to that in three 
other patients in the series, in whom constant sciatic and severe low-back pain 
were disabling features. All the patients with back pain had a great increase 
in intracranial pressure. In all but one the possibility of spinal subarachnoid 
metastases was excluded. In addition to the 10 patients in whom vertigo was 
an early symptom, there were five others in whom it developed, accompanied 
by nystagmus, later in the illness, occurring either spontaneously or on change 
of posture. Evidence of increased intracranial pressure was found in all these 
patients. In 80 per cent. the tumours arose primarily in the brain-stem, and 
it can be assumed that the lesions were probably exerting a direct, although 
variable, effect on the vestibular nuclei. Less specific dizziness occurred most 
commonly in patients with ventricular tumours, and was probably due to 
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indirect effects associated with internal hydrocephalus. Intermittent diplopia, 
often brought on by fatigue or exertion, was a complaint in 10 cases, illustrating 
the variability in degree of cerebral oedema or of obstruction of the spinal fluid 
circulation. 

Episodes of loss of consciousness, without convulsive movements, occurred 
in five patients with ventricular, midbrain, or pontine tumours, and in all there 
was considerable internal hydrocephalus. The nature of these episodes is a 
matter of speculation, but, as pointed out by Bailey (1948), sudden compression 
of the brain-stem at the anterior end of the aqueduct will arrest consciousness. 
Experimental work on the functions and connections of the reticular substance 
of the brain-stem indicates the importance of these pathways for the retention 
of wakefulness (Magoun, 1950). Sudden but temporary interference with them 
by circulatory disturbance might be assumed to cause a sudden impairment 
of awareness, that is a loss of consciousness. In this way such attacks might 
be considered as a temporary phenomenon akin to the progressive loss of 
consciousness which may be produced by space-occupying lesions in the posterior 
fossa (Jefferson and Johnson, 1950). 

Remission of symptoms. A tendency to remission of symptoms was noted in 
11 cases, nine of which were primary brain-stem tumours. In some of these 
cases pregnancy or trauma, and in one case thyrotoxicosis, unmasked latent 
symptoms which subsequently remitted when these factors were removed. In 
three of the patients a small haemorrhage into a blood-vessel tumour was the 
cause of such a transient attack. 


Duration of the Illness 


The average duration of life from the first symptoms, with tumours in the 
various situations, can be seen in Table V. Plate 11, Fig. 3 illustrates an epen- 


TABLE V 
Average Time from First Symptoms to Death (Months) 


Brain-stem: 


Ventricle: 


dymoma in a boy who died at the age 16 years with an 11-year history, which 
was the longest in the series. 


Diagnostic Features 
Characteristic findings on examination 


Primary brain-stem tumours. We have seen that involvement of motor and 
sensory tracts and cranial nerves was prominent among the early symptoms of 
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tumours in this region; it was also common to find those structures involved 
bilaterally when the patients presented themselves for examination (Table VI). 
Fifteen patients had bilateral cranial-nerve or cranial-nerve and long-tract 
involvement, and seven had crossed paralyses. These patients constituted two- 
thirds of the total group, and in them a clinical localization to the brain-stem 
would be most reasonable. The other 11 patients with brain-stem tumours had 
signs which were of no value in localization or were actually misleading. These 
will be discussed later. It is worthy of note that while 60 per cent. of the patients 


TaBLE VI 
Localizing Features 
Bilateral signs 

Cranial Cranial nerves Crossed 
Site of tumour nerves and long tracts paralyses 

Brain-stem (33) . 6 9 % 

Ventricular (17) . : 7 + 0 

Pineal (7) . 3 2 0 


with primary brain-stem tumours had multiple cranial-nerve involvement, in 
20 per cent. no cranial nerves were affected. Fifty per cent. had no subjective 
or objective evidence of involvement of the long sensory tracts. This observa- 
tion contrasts with the opinion that the absence of sensory findings with these 
tumours is most unusual (Kubik, 1945). Cerebellar signs were present as late 
manifestations in one-half of these patients, though infrequent as initial symp- 
toms. Nystagmus was observed in only one-quarter. Papilloedema was present 
in 45 per cent., occurring most commonly with tumours situated in the midbrain, 
and infrequently with tumours of the pons and medulla. 

Tumours of the fourth ventricle. Cranial nerves and tracts were involved 
together bilaterally in only four cases (22 per cent.). In all but one the tract 
involvement was trivial, because though many of these tumours are firmly 
adherent to the floor of the ventricle they do not tend to invade and infiltrate 
the tissue. In seven patients cranial nerves alone were involved bilaterally. 
In these cases it was striking that the function of the eighth nerve was most 
commonly implicated, a situation comparable to that found in the analysis of 
the early symptoms. Including the cases in which tracts were simultaneously 
involved, bilateral eighth-nerve lesions were found in eight (47 per cent.) 
of the ventricular tumours. This cannot be considered merely a result of 
obstructive hydrocephalus and a ‘choked labyrinth’, as it would then be ex- 
pected as frequently in patients with tumours in the other situations. In 
fact it was found only once among patients with midbrain lesions causing 
obstruction, and only three times with pontine lesions. The deafness was 
seldom more than partial, and it is suggested that pressure on and invasion of 
the superficially-lying auditory striae by the ventricular tumours might account 
for this phenomenon. The preservation of the trapezium and the ventral coch- 
lear nuclei would account for the incomplete nature of the deafness. In 30 per 
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cent. of the patients with ventricular tumours there were no cranial nerves 
involved either by direct invasion or indirectly as a result of obstructive 
hydrocephalus. Cerebellar signs were a consistent feature of tumours in this site, 
being found as late manifestations in 100 per cent. of the cases. Nystagmus 
was present in 65 per cent. In only three patients were the signs exclusively 
cerebellar. Involvement of sensory pathways was rare, being found in only 
three patients; their sensory loss included the modalities mediated through 
the medial fillet, as would be expected from its position and greater vulner- 
ability to the effects of compression. There was spino-thalamic deficit in only 
one case, in which the ventricular floor was unusually extensively invaded. 
Papilloedema was present in 94 per cent. 

Pineal tumours. The initial symptoms were seldom obviously attributable 
to hydrocephalus, but the majority of patients soon developed such symptoms. 
Bilateral involvement of cranial nerves and tracts was not uncommon, but was 
not usually a prominent feature. The cranial nerves affected bilaterally were the 
third and eighth, but in four of the cases there was no involvement of the third 
nerve. The difference between the classical picture (Globus and Silbert, 1931) 
and our observations is explained by the fact that in four of our patients the 
main mass was away from the pineal region and attached to the floor and wall 
of the third ventricle (Plate 11, Fig. 4). Deafness, which was more frequent 
than involvement of the third nerve, may be the result of destruction either 
of the internal geniculate ganglia or of the inferior colliculi. No patient had 
objective sensory loss; two, however, had transient episodes of numbness, in 
one case involving the whole body, in the other unilateral. Cerebellar signs 
were late manifestations in two cases, but none showed nystagmus. Signs of 
involvement of the hypothalamus were prominent in three patients; in two 
diabetes insipidus was the first symptom, and the other, whose case has been 
previously reported (Cleghorn, Hyland, Mills, and Linell, 1938), had atrophy 
of the testes and defective development of secondary body-hair. Papilloedema 
was found in four patients, yet the three who had none all had severe obstruc- 
tive hydrocephalus. The explanation of its absence in these cases is probably 
that, when ventricular blockage is slow and variable, papilloedema, and also 
headache, may be absent even when other evidences of hydrocephalus are 
severe (Riddoch, 1936). 


Atypical cases and diagnostic problems 

1, Absence of localizing signs. There were 11 patients whose lesions gave 
little or no clinical evidence of their site of origin. Five of these lesions were 
primary brain-stem tumours, in two of which there was evidence solely of 
increased intracranial pressure. Plate 12, Fig. 5 shows the pathological appear- 
ance of one of these lesions, in which there was great destruction of the colliculi, 
but enough cells and fibres were spared to preserve function. Of the other three 
patients, one presented with tuberculous meningitis, and proved to have a 
large asymptomatic tuberculoma of the pons; the second (Case 1), who showed 
only psychotic symptoms during life, was found to have a teratoma of the pons. 
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The third patient, admitted with spontaneous subarachnoid haemorrhage, was 
found post mortem to have an extensive vascular malformation in the mid- 
brain (Plate 12, Fig. 6) which had given rise to trivial, if any, symptoms pre- 
viously. The other six patients without localizing signs included four with 
ventricular and two with pineal-tissue tumours. The manifestations were con- 
fined to those of increased intracranial pressure, until in the terminal stages 
some developed minimal cerebellar or pyramidal-tract signs. 

2. Misleading or false localizing signs. Just as common as the cases without 
localizing signs are those in which misleading or falsely localizing signs are 
encountered. The major diagnostic difficulties met with in the present series 
will now be outlined. 

Cerebellar signs, as previously mentioned, were present in all the patients 
with ventricular tumours and in one-half of those with primary brain-stem 
tumours. However, only three cases of each group were considered to present as 
primary cerebellar syndromes. In these cases the early histories were those of 
cerebellar disorder, the signs were those of cerebellar damage with or without 
evidence of increased intracranial pressure, and if cranial-nerve or long-tract 
involvement was present it was not of sufficient degree to indicate a lesion of 
the brain-stem. Of the three primary brain-stem tumours that presented with 
this combination of symptoms, one arose primarily in the midbrain (Case 4), 
one in the pons, and one in the medulla. Excluding the medulloblastomas, 
tumours originating in the roof of the fourth ventricle are much less common 
than those arising from the floor, but they are likely to present the greatest 
difficulty in differentiation from cerebellar tumours. This difficulty was very 
striking in one patient who rapidly developed cerebellar ataxia, intermittent 
diplopia, and blurring of vision, the result of a malignant papilloma of the 
choroid plexus which was adherent to the roof of the fourth ventricle. In 
patients with cerebellar tumours, complete or incomplete involvement of the 
third to eighth cranial nerves was frequently found by Grant, Webster, and 
Weinberger (1941), who believed that these nerve functions were impaired as a 
result of obstructive hydrocephalus. It is obvious that clinical data alone will 
fail to differentiate between most tumours arising in the fourth ventricle and 
those arising in the cerebellum, particularly as the latter often extend into the 
ventricle. 

The slow onset of a hemiplegia suggests a fronto-temporal or capsular tumour, 
but in three of our patients with primary brain-stem tumours this was the mode 
of onset. In one case episodes of loss of consciousness occurring early, a per- 
sonality change, and a hemiparesis led to such a diagnosis very reasonably 
being suggested. Hydrocephalus and extensive peduncular invasion had given 
rise to the clinical signs, leaving the other functions of the involved parts 
unimpaired. In the other two cases mentioned, the later progression to involve- 
ment of lower medullary nuclei in one, and to bilateral third-nerve paralysis 
in the other, eventually led to correct clinical localization of the lesion. The 
ability of these tumours to infiltrate without destroying function needs no 
further comment. One other case closely simulated a cortical lesion (Case 2) ; the 
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attacks of homonymous visual distortion, and the paresthesiae and clonic jerk- 
ing movements intermittently involving the right side of the body, suggested 
a parieto-occipital tumour. 

Acoustic neuroma was suggested in several patients, but this diagnosis was 
fully justified only in Case 5, in which a papilloma of the choroid plexus had 
invaded the cerebello-pontine angle. The findings on examination, and the 
onset with deafness and tinnitus, were in keeping with a diagnosis of acoustic 
neuroma. The mistaken diagnosis of a thrombotic vascular lesion of the brain- 
stem was made in Case 6, in which an angiomatous malformation involving the 
upper medulla and lower pons gave rise to the syndrome of occlusion of the 
posterior inferior cerebellar artery. The clinical picture was very characteristic 
except that unilateral atrophy of the tongue was present, which should have 
suggested previous medullary disease. There were also minimal signs, on the 
same side as the cranial-nerve lesions, of a lesion of the pyramidal tract, point- 
ing to bilateral involvement of the brain-stem. Two cases have been recently 
reported in one of which (Owen, Webster, and Gurdjian, 1945) a vascular 
malformation, and in the other (Davison and Spiegel, 1945) a metastatic car- 
cinoma gave rise to this same clinical syndrome. None of our cases was found 
to mimic closely thrombosis of the basilar artery. Although the onset in a 
number was abrupt, it was generally one or two signs that were suddenly 
manifest, and never a sudden loss of function of the extent seen in cases of 
this lesion (Kubik and Adams, 1946). 

Multiple sclerosis was rarely a problem in differential diagnosis, though major 
remissions were present in some cases. In one case it was simulated. The patient 
presented with vertigo and cerebellar signs, and after a ventriculogram, which 
was considered normal, oedema and redness of the optic disks developed, with 
central scotomata, suggesting optic neuritis rather than merely papilloedema. 
Post mortem a primary pontine tumour was found to have spread extensively 
throughout the brain-stem and into the cerebellum. The third ventricle was 
greatly ballooned, so that the scotomata could be regarded as the result of optic 
compression of the type described by Hughes (1946), who discussed the effect 
of dilatation of the third ventricle on the chiasma, and found scotomatous 
defects in such cases. Traquair (1946) suggested that, whereas there may be a 
direct interference with the visual pathway in such cases, the central scotomata 
are probably more often the result of macular oedema consequent on the 
swelling and congestion. 

The rather rapid onset of pyramidal-tract signs, in a child in whom stiff 
neck, fever, and drowsiness preceded the appearance of papilloedema, led to 
the diagnosis of encephalitis in one case. The difficulties of differentiating brain- 
stem tumours from encephalitis have been commented upon elsewhere (Alpers 
and Yaskin, 1939; Hare and Wolf, 1934; Bassoe and Apfelbach, 1925). 

Atumour originating in the cord was suggested in one case by the presence 
of unilateral weak and atrophic hand-muscles. This atrophy occurred in spite 
of the fact that the tumour, which arose in the medulla, did not extend 
downwards beyond the fourth cervical segment. This phenomenon has been 
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appreciated since the study of foramen magnum lesions by Symonds and 
Meadows (1937). The case mentioned was the only one in our series in which 
a tumour originating in the brain-stem extended significantly into the cord, 
although one ependymoma arising in the fourth ventricle passed through the 
foramen magnum. Such an occurrence has been noted more frequently by 
other observers (Walshe, 1931). 


Radiological observations 

All the available X-rays have been reviewed by the neuro-radiologist, Dr. 
D. Wollin. Normal skull films were the rule in the case of brain-stem tumours, 
but were fairly frequent in all types. Whereas evidence of increased intracranial 
pressure was the principal abnormality, areas of abnormal calcification were 
seen in several cases. Two papillomas, one teratoma, and one ependymoma 
contained a large amount of calcium, and three pinealomas showed a significant 
enlargement of the pineal shadow. As is the rule rather than the exception, 
none of the tuberculomas contained sufficient calcium to be demonstrable 
radiologically. With short illnesses one would not except them to show calcifi- 
cation. In a lengthy review Scott and Graves (1933) could find evidence of 
calcium in intracranial tuberculomas in only 1-3 per cent. of 800 patients with 
proved lesions. Professor E. A. Linell’s files contain 36 cases of proved intra- 
cranial tuberculomas studied since 1933, and none of these contained enough 
calcium to be of radiological value. Air studies revealed no abnormality in 
almost one-third of the brain-stem group. No tumours in the pineal region 
or the ventricle yielded normal air pictures, although the changes were not 
necessarily specific. Lysholm (1946), in a report on his later experience with 
ventriculography in the localization of posterior fossa tumours, reported on the 
findings in 11 cases of verified pontine tumours, and stated that in 10 of them’ 
an exact localization was possible. Definite localizing abnormalities were de- 
tectable in his eight tumours of the quadrigeminal plate, but he found a small 
number of cases of verified tumours of the brain-stem and fourth ventricle in 
which negative radiological evidence was forthcoming. 

A few of our cases were not studied with the aid of modern refinements of 
technique and interpretation, so it is probable that the incidence of ‘normal’ 
air studies is slightly higher than would obtain today. However, a negative 
radiological examination is not incompatible with the presence of a brain-stem 
tumour. Plate 13, Fig. 8 illustrates the lesion found in a case of glioma pontis 
in which three negative air studies were done. Here the diffuse infiltration 
characteristic of such lesions is seen. Vertebral angiography will apparently 
add little, if anything, to the clinical and encephalographic localization of these 
lesions (Radner, 1951). Air studies will also leave doubt as to whether the 
tumour originates in the brain-stem or in the vermis in many cases in which 
only a deformed aqueduct is demonstrated. Management of the case would be 
materially affected by the ability to differentiate these two sites of origin. 
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Case Histories 


Case 1. Female. Age 45 years. Admitted February 23, 1941. 


This woman consulted her doctor regarding vaginal bleeding and an enlarging 
abdominal mass. Her family stated that with the onset of these symptoms, two 
months before entry, she became brooding, nervous, and upset. Three days 
before she was to be admitted to hospital for investigation of the mass she 
rather suddenly became confused and irrational. On examination in hospital 
she was confused, disorientated, apprehensive, and negativistic. She was 
incontinent and difficult to nurse. Otherwise neurological examination revealed 
no abnormal findings. The cerebrospinal fluid showed a pressure of 130 mm. 
H,0, protein 36 mg. per 100 ml., and no increase of cells. While the cause of 
this ‘toxic psychosis’ was being investigated she died suddenly. 

At necropsy the abdominal mass was a fibroid. Examination of the brain 
showed a teratoma 2 cm. in diameter (Plate 10, Fig. 2) in the substance of the 
pons, connected by a long pedicle to a cystic portion which dilated the cavity 
of the fourth ventricle. The other ventricles were of normal size. Microscopi- 
cally, there was compression but no infiltration of the normal structures, so 
that the lack of neurological signs was understandable. A post-mortem X-ray 
indicated that calcium was present in the lesion to a sufficient degree to be 
detectable radiologically. 


_ Case 2. Female. Age 46 years. Admitted September 14, 1939. 

Two and a half years before admission this woman began to feel tired and to 
be easily fatigued. She noticed what she described as a reduction in her 
emotional responses, so that she was no longer moved to tears or hearty laughter 
by appropriate situations. Eighteen months before admission, after a short 
period of sudden exertion, she found that the right halves of near objects were 
blurred. This episode lasted 24 hours, but recurred at intervals during the 
ensuing months, and became associated with nausea and vomiting. Six months 
before admission she began to experience intermittent paraesthesiae in the right 
hand in association with the hemianopic phenomena, which now had progressed 
to actual distortion of the objects in the half-fields. Between the attacks she 
felt perfectly well. Five months before admission jerking movements of the 
right hand were added to the paraesthesiae, and at this time she began to have 
constant, dull, frontal headaches, made worse by hunger. Within three months 
of admission there was jerking of the right Jeg as well as of the right arm, and 
one month later her hearing and visual acuity became reduced, and she com- 
plained occasionally of diplopia. On examination there was slowing of compre- 
hension, bilateral papilloedema, and a slight right nerve-deafness. No visual 
field defect and no motor or sensory abnormalities were detected. A left parieto- 
occipital tumour was suspected, but ventriculography showed dilated lateral 
and third ventricles, with a filling defect in the posterior part of the third 
ventricle. 

She failed to survive operation, which disclosed an infiltrating lesion shown 
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post mortem to be a malignant pinealoma. The tumour had destroyed both 
superior and inferior colliculi, spreading back beneath the tentorium to compress 
the cerebellum in the region of the vermis. 


Case 3. Male. Age 31 years. Admitted March 8, 1945, 


For six months before admission this man complained of a throbbing pain 
over the eyes, made worse by fatigue or when he was emotionally upset. The 
pain increased in severity, and three months before admission he began also 
to have recurrent nuchal muscle spasms, each lasting five to ten minutes, more 
severe on the right side, and associated with lateral flexion of the head to the 
right. As the spasms became more severe they became painful, and at times the 
pain was severe enough to cause nausea. At first the spasms came on every 
five hours, later every hour. Two weeks prior to admission they gradually 
tapered off, and finally disappeared. During the month before admission he 
had noted with these episodes a darkening of the left upper visual field. This 
also disappeared as the nuchal spasms left him. For two months prior to admis- 
sion he had experienced diplopia on looking to the left. Two weeks before 
admission he complained of low back pain. On examination he was mentally 
alert. There was bilateral papilloedema, nystagmus, and a slight left sixth- 
nerve palsy. No evidence of long-tract involvement was detected. Radio- 
logically a calcified mass was demonstrable in the pineal region, centred to the 
right of the mid-line and present over an area greater than that occupied by 
normal pineal tissue. The pituitary fossa was flattened and enlarged. Ventricu- 
lography demonstrated an aqueductal obstruction, a mass in the region of the 
pineal gland, and dilatation of the third and lateral ventricles. 

At operation an infiltrating pineal tumour was sucked out. After operation 
he was very drowsy, and was sent home with a hopeless prognosis. Pathologi- 
cally the tumour was a malignant pineal adenoma. 


Case 4. Male. Age 35 years. Admitted March 25, 1936. 


This patient noticed slight loss of memory for recent events in the six months 
prior to his admission. About this time he began to experience unsteadiness in 
walking and some dizziness, during which objects were said to move towurds the 
left. During the next three months his vision became blurred, and he suffered 
frontal headaches. The latter were increased by lying down, and at times were 
associated with vomiting. One month before admission he developed diplopia. 
On examination he was mentally alert. Although there was no frank papilloe- 
dema, there was a reddening of the disks. Horizontal and vertical nystagmus 
was noted. There was a right sixth-nerve palsy. The gait was ataxic. Skull 
X-rays revealed thin posterior clinoid processes. Air encephalography was 
attempted, but after the injection of 40 ml. the patient lost consciousness and, 
in spite of immediate ventricular tap, within four hours was dead. 

Post mortem an astrocytoma involving the midbrain and extending slightly 
into the pons was found, into which there had been considerable recent haemor- 
rhage. Both thalami and the left corpus callosum were invaded. 


Case 5. Female. Age 28 years. Admitted October 21, 1947. 

For a year and a half prior to admission this nurse had experienced progressive 
deafness in the left ear, with bilateral tinnitus. Six months before admission 
she had sore eyes and a tendency to drooping of the lids, and diplopia late in 
the day. At the same time she found that she was tiring readily, and began to 
have episodes of complete Joss of vision. On examination there was bilateral 
papilloedema. Nystagmus was present, more marked on looking to the left 
than to the right. There was considerable sensory impairment in the distribution 

U 


282 H. J. BARNETT AND H. H. HYLAND 


of the left fifth nerve, including absence of the left corneal reflex. Hearing was 
reduced in the left ear. The gag-reflex was absent, and the palate was elevated 
to the right. Her gait was ataxic. An acoustic neuroma was diagnosed. 

At operation a tumour filling the fourth ventricle was found to be spreading 
out through the left foramen of Luschka and partially filling the cerebello- 
pontine angle. The patient made a good recovery. Pathologically the tumour 
was found to be a papilloma of the choroid plexus with mucoid degeneration. 


Case 6. Female. Age 58 years. Admitted August 21, 1948; readmitted 
December 13, 1948. 


This housewife had been known to have hypertension for eight years, and 

was short of breath on exertion for four years prior to her first entry to hospital. 
For one year she had experienced dull, throbbing headaches over the right eye, 
occurring about once a week. On the day of her first admission in August 1948 
she was working at home, when she suddenly fell to the floor unconscious. With 
return of consciousness she felt weak, had hiccoughs, and on sitting up or turn- 
ing in bed experienced a violent sensation of falling to the right. In addition 
she noticed a buzzing in the right ear. On examination she was lying curled 
up on one side, but was completely conscious. Nystagmus was present on look- 
ing to the right. There was a slight myosis and ptosis of the right eye. The 
right side of her tongue was atrophied, and there was right palatal and glossal 
weakness. On sitting up she invariably fell to the right, and in the right limbs 
there was marked incoordination. In addition there were hyperactive reflexes 
and an extensor response on the right side. Over the left side of her body and 
on the right side of her face there was impairment of sharp distinction between 
hot and cold stimuli, and between painful and non-painful stimuli. Urinary 
retention was present. 
- The diagnosis was thrombosis of the posterior inferior cerebellar artery, and 
she made a gradual recovery, with return of urinary function and loss of vertigo 
and of most of the cerebellar signs. For one month she was free of symptoms, 
and then cardiac insufficiency led to her readmission. Apart from hypalgesia 
on the right side of the face and the left side of the body, no other neurological 
abnormalities were detected. She died with massive pulmonary oedema. Post 
mortem a congenital varix was demonstrated in the medulla oblongata and 
lower pons on the left side (Plate 13, Fig. 7). 


Summary 

A study of 90 cases of verified tumours involving the brain-stem is presented. 
The tumours include 49 arising primarily in the brain-stem, 31 situated in the 
fourth ventricle, and 10 having their origin in pineal tissue. Gliomas and 
ependymomas were the pathological types encountered most frequently (63 
per cent.). 

Tumours thus situated are uncommon, constituting 7 per cent. of all intra- 
cranial tumours and 30 per cent. of subtentorial tumours. 

The average age of the patients was high, falling into the fourth decade. 
Only nine patients were aged 10 years or younger; eight of these had gliomas 
of the brain-stem. There was a preponderance of male over female patients 
among those with gliomas and ependymomas. 

The tumours were asymptomatic in nine cases. Eight of these were ependy- 
momas of the fourth ventricle, usually arising from the floor in the region of 
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the calamus scriptorius. The firm attachment found in this region explains the 
frequent unsatisfactory results at operation. 

Initial symptoms of localizing value occurred most commonly with tumours 
arising in the brain-stem. In the case of ventricular and pineal tumours mani- 
festations of obstructive hydrocephalus were relatively more frequent at the 
onset. In all groups there was a fairly high incidence of early symptoms which 
gave no clue as to the nature or location of the lesion, and which in a number 
of instances led to diagnostic errors. 

Trauma preceded the onset in 13 cases. In six of these cases and in six others 
the onset was sudden, again making diagnosis more difficult. This sudden 
onset occurred with equal frequency in cases of brain-stem and ventricular 
tumours. 

Symptoms of special interest appearing during the course of the illness, 
including bladder-sphincter disturbances and various types of motor and sen- 
sory attacks, are discussed. Attacks of true vertigo occurred with some fre- 
quency as an early symptom in primary brain-stem tumours. Headache and 
nuchal pain, while often prominent symptoms, were absent throughout the 
course of the illness in a significant number of cases. 

The findings on examination which proved to be of most value in localizing 
the lesions at the three sites are considered. The majority (66 per cent.) of 
the patients with primary brain-stem tumours showed bilateral signs of involve- 
ment of long tracts or cranial nerves or of both. In patients with ventricular 
tumours evidence of cerebellar involvement, manifestations of obstructive 
hydrocephalus, and impairment of eighth-nerve function were the most constant 
signs. The patients with pineal tumours all showed clinical evidence of obstruc- 
tive hydrocephalus, but otherwise there was little consistency in the findings, 
the majority having no involvement of the oculomotor nerves. 

In 11 patients the tumours, several of which had extensively involved the 
brain-stem, notably lacked localizing signs during life. In a number of other 
cases misleading or false localizing signs gave rise to considerable difficulty in 
diagnosis. These signs are discussed, and the problems in diagnosis are con- 
sidered. 

Attention is directed to the frequency with which the radiological findings 
were normal, particularly with primary brain-stem tumours. : 
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Fic. 1. Ependymoma arising from the floor of the fourth ventricle. This lesion was an incidental post- 
mortem finding 


Fic. 2. Teratoma in the substance of the pons connected by a pedicle to a cystic portion (now largely 
deflated) which had dilated the fourth ventricle. The other ventricles were normal 
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f Fic. 3. Ependymoma in fourth ventricle, attached to the floor and roof, with recent haemorrhage into the 
: tumour. The patient died at 16 years of age; the symptoms began 11 years before 


Fic. 4. Pinealoma with the main tumour mass occupying the floor and wall of the third ventricle posteriorly. 
: The patient had normal oculomotor function 
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Fie. 5. Ependymoma infiltrating the midbrain and pons, with obstruction of the aqueduct. The only 
symptoms and signs were those of obstructive hydrocephalus 


Fic. 6. Angiomatous malformation extensively infiltrating midbrain tissue. This lesion was largely 
asymptomatic until the terminal fatal haemorrhage 
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Fic. 8. Diffuse infiltrating astrocytoma of the pons. Air studies indicated a normal ventricular system on 
three successive occasions 


Pai 
: Fic. 7. Angiomatous malformation of the medulla oblongata. A sudden episode clinically resembling the 
syndrome of thrombosis of the posterior inferior cerebellar artery occurred four months before death 
~ ay ¥ * ™ 
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ACUTE INFECTIOUS LYMPHOCYTOSIS! 


By GAVIN C. ARNEIL anp I. D. RILEY 
(From Stobhill Hospital, Glasgow) 


PFEIFFER in 1889 originally described the condition now known as infectious 
mononucleosis. Outbreaks of a somewhat similar but significantly different type 
of illness were described by Wilson and Cunningham (1929), Reyersbach and 
Lenert (1941), Thelander and Shaw (1941), and Lyerly and Reid (1945). Rosen- 
baum in 1938 described, under the name of ‘febris lymphocytica’, a condition 
which bore some resemblance to infective mononucleosis, but in which the pre- 
dominating cell was the small lymphocyte. The condition was chronic, and was 
associated with a mild pyrexia and a total white count as high as 44,000 per 
c.mm. Fifty-nine such cases were reported in children under the age of 12 years. 
In 1941, and again in 1944, Smith described a condition which he named acute 
infectious lymphocytosis. This occurred in groups of children living in institu- 
tions, and appeared to be due to an infection, which might run either an acute 
or a chronic course. He considered that the infectivity of the condition was low, 
and that the cases described by Reyersbach and Lenert (1941) and by Thelander 
and Shaw (1941) were unrecognized outbreaks of the disease. 

The clinical features of the disease vary widely in severity and form. It most 
frequently occurs in epidemic form in institutions, but many sporadic cases, 
presumed to be examples of the same condition, have been described in adults 
and in children. It occurs in both negro and white races (Moyer and Fisher, 
1950). The course is invariably mild, and diagnosis is usually made by a routine 
leucocyte count. It is probable that symptoms occur at some stage of all cases, 
but they are so mild as to be easily misinterpreted, and bear no known relation- 
ship to the peak of the leucocyte count. The presenting symptoms may be (1) 
respiratory—mucopurulent nasal discharge or bronchitis ; (2) gastrointestinal— 
mild but intractible diarrhoea, sometimes with vomiting and abdominal pain: 
this may be severe and simulate a surgical emergency ; (3) constitutional— 
malaise and lassitude, or low grade persistent fever, may be present; (4) a 
maculopapular rash, frequently accompanied by enlargement of the lymph- 
glands in the posterior cervical and occipital regions. 

Laboratory investigations. Haematology. In the peripheral blood the out- 
standing feature is an absolute rise in the number of circulating lymphocytes, 
particularly the small, mature variety. This may or may not be accompanied 
by an eosinophilia of 400 to 600 per c.mm. Immature cells are seldom seen, and 
red cells, platelets, polymorphs, and monocytes are normal. In the marrow 
there is a marked increase in the absolute number of lymphocytes. 

1 Received October 8, 1951. 
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Iymph-gland biopsy. This reveals a proliferation of sinusoidal epithelium, 
hyaline degeneration, and follicular hyperplasia. 

Bacteriology. No virus, bacterium, or other noxious agent has been incrimi- 
nated. The Wassermann reaction, heterophil antibody reaction, and Widal and 
brucellosis agglutination tests are invariably negative. 

In addition to the cases cited above, examples of the disease have recently 
been described in many countries. The greatest number have been recognized 
in the United States, but reports from Canada, the Argentine, Uruguay, Egypt, 
France, Austria, Finland, Greece, Hungary, and England (3) have appeared in 
the press (Duncan, 1943, 1945; Birge and Hill, 1945; MacInnis, 1946; de los 
Santos, 1946; Steigman, 1946; Lorenz, Hardy, and Alt, 1946; Meyer, 1946; 
Hatoff, 1946; Wintrobe, 1946; Israels, 1947; Barreras Areu, 1947; Aly and — 
Ghalioungui, 1947; Klemola and Hammarinen, 1947; Sita~Lumsden, 1947; 
Landolt, 1947; Foyle and Reynolds, 1947; Bernard, Noufflard, and Lapresle, 
1948; Walterskirchen, 1948; Houstek, 1948; Ninios, 1948; Dolphin and Pop- 
ham, 1950; Malamos and Stamatelakis, 1951). The fact that outbreaks occur 
in institutions has suggested that the condition is infectious (Finucane and 
Philips, 1944; Curti and Rosenkrantz, 1946; Steigman, 1946; Klemola and 
Hammarinen, 1947; Peterman, Kaster, Gecht, and Lembert, 1949; Lemon 
and Kaump, 1950). The suggestion has been made that the incubation 
period is five to ten days, and this is borne out by the spread of the epidemic 
in a cubicle ward described by Martens (1948). 


The Present Outbreak 


The outbreak occurred in a residential nursery in Glasgow in May 1950. This 
nursery contained 32 children between the ages of one month and five years. 


TABLE I 
History of the Patients on Admission 

Patient . 8. J. W. McK. Josephine B. J. McG. 
Age (months) . : : 31 23 20 39 22 
Sex . : M M M F M 
Stay in nursery (months) . 26 17 12 6 20 
Previous pertussis : - Yes No Yes No Yes 
Previous measles : - Yes No Yes No No 
Previous chickenpox . - Yes No Yes No Yes 
Previous immunizations 

against diphtheria . - Yes Yes Yes Yes Yes 
Previous immunization 

against pertussis. - Wes Yes Yes Yes Yes 
Successful smallpox vaccina- 

tion six weeks previously Yes Yes Yes Yes Yes 
Rash . No No No Yes No 
Nasal discharge . . - Yes Yes Yes No No 
Diarrhoea . No Yes No No No 
Post-occipital adenitis . 5 No No Yes * Yes Yes 


One of these children (J. J.) was admitted to Stobhill Hospital on May 3, 1950 
for investigation of a cardiac murmur, and incidentally was found to have a 
leucocyte count of 44,800 per c.mm. Of these cells 84 per cent. were of the 
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lymphoid series. A leucocyte count was performed on the remaining 31 children 
in the nursery on May 8, 1950. Four children (S. J.. W. McK., Josephine B., 
and J. McG.), each with a leucocyte count of more than 30,000 cells per c.mm., 
were admitted to hospital for investigation, and two more were seen as out- 
patients. None of the five children who were then investigated fully were 
thought to be in ill health. Summaries are given in the Appendix of the clinical 


TABLE IT 
Haematology 
Leucocyte peak Myelogram (%) 
Patient SEE = § Notes 
J.J. . 104 6,552 37,908 2,340 49 38 #7 8 Red cells and 
nor- 
Bigs 98 420 75,000 15,750 53,250 6,000 46 34 18 2 Red cells and 


platelets nor- 
mal 


W.McK. . 91 #410 32,100 4,815 25,359 1,605 45 28 22 -» Red cells and 
platelets nor- 
mal 


Josephine B. 12:7 4:10 43,000 3,870 36,120 860 43 34 16 .. Red cells and 
nor- 
J. McG. - 98 4:00 68,000 5,440 57,120 5,440 52 32 13 .. Anisocytosis, 
poikilocytosis 
Ting-staining 
III 
Serology and Bacteriology 
Patient . ‘ S.J. W.McK. Josephine B. J. McG. 
Stool culture is ; . Negative Negative Negative Negative Negative 
Nasal swab. ” ” ” ” ” 
Wassermann reaction . ” ” ” 
Widal (T.A.B.) . ” ” 
Paul- Bunnell a . . ” ” ” ” ” 
Mantoux 1/1, 000 . ” ” ” ” ” 
E.S.R. mm./hr. (Westergren) 15 20 15 
Cerebrospinal fluid . Normal 


features of each case. A synopsis of the history of these five children is given 
in Table I, and the results of a number of investigations which were carried out 
are summarized in Tables II and III. The most remarkable features of these 
Tables are the very high lymphocyte counts in the peripheral blood and in the 
marrow. During their three weeks’ stay in hospital serial differential white 
blood counts were carried out on each patient. It was noticed that the most 
characteristic pattern was an initial rise in both the large and the small circu- 
lating lymphocytes. This was followed by a drop to normal levels of the 
number of the large lymphocytes, and finally by a return to normal of the 
number of small lymphocytes. No primitive cells were seen, and polymorpho- 
nuclear and monocytic cells were normal in number. Tiirck type cells were 
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occasionally seen. All five children remained well throughout their stay in 
hospital, although each had small episodes of mild pyrexia. They remained 
well after their return to the nursery on May 29, 1950. On May 22, 1950 a 
leucocyte count was again made on each of the 27 children who had remained 
at the nursery. Two of these children (J. B. and K. G.) were found to have the 
same signs, symptoms, and blood picture as the five described above. Neither 
child developed a rash; details are given in the Appendix. 


Discussion 

The most important point to be considered is whether the clinical picture 
described betokens a specific disease entity, or is merely a syndrome which can 
be produced by a number of mild conditions associated with lymphocytosis. 
Until more is known of the pathogenesis and aetiology of the condition this 
question cannot be settled satisfactorily. The disease most easily confused with 
the condition is rubella. The lymphadenopathy, the fleeting rash present in 
some cases, and the lack of systemic upset, are all very suggestive of rubella. 
On the other hand the high lymphocyte count, the diarrhoea, the atypical form 
of the rash which is present in only some of the cases, and the variable interval 
between the lymphocyte peak and the rash, are not in keeping with rubella. 
Infective mononucleosis is easily differentiated by the increase in mononuclear 
and atypical leucocytes in the peripheral blood, by the marrow picture, and by 
the Paul-Bunnell test. Clinically the spleen is palpable, the lymph-glands are 
larger, and the systemic upset and pyrexia more marked in mononucleosis. The 
possibility that the condition was due to subclinical pertussis in the immunized 
subject was considered, but the fact that two of the patients had had previous, 
well-authenticated attacks of pertussis appeared to exclude this. The suggestion 
that the lymphocyte rise might be due to a late effect of vaccination six weeks 
previously appeared to be improbable when two similar cases were detected 
two weeks later than the first group. Measles as a possible cause is excluded, 
since two of these children had had measles and three have developed it since 
their discharge. Tuberculosis and syphilis were excluded by the Mantoux and 
Wassermann tests, and dysentery and diphtheria by swabs taken from nose, 
mouth, and rectum. The negative Widal and brucellosis reactions exclude two 
other possible causes. Environmental factors such as diet, poisoning, or irradia- 
tion have not been excluded, but no evidence of such unusual features were 
found in our patients. From all the above evidence the most reasonable explana- 
tion appears to lie in an infection by a virus of low virulence. This might be 
closely allied to the virus of rubella. It does not seem to us possible to make the 
diagnosis of infectious lymphocytosis on the isolated finding of a raised lym- 
phocyte count in a single case. For this reason another case, similar in all 
respects to those reported above, has not been added to the series. 


We wish to express our thanks to Dr. Stewart Laidlaw, Medical Officer of 
Health for Glasgow, for permitting us to investigate the cases, and to Drs. J. 
Dick and J. Stevenson for performing the serological tests. 
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Summary 


An account is given of the occurrence of a pronounced lymphocytosis, with 
associated signs and symptoms, in seven children in a residential nursery. 

The possible nature of the condition is discussed, and details of the haemato- 
logical picture are given. 


APPENDIX 

Case Summaries 

J.J. A boy of two years and seven months, who was admitted on 3.5.50 on 
account of a syncopal attack. He was well throughout his stay, but developed 
postauricular and suboccipital lymph-gland enlargement on 9.5.50. On 25.5.50 
a pronounced nasal discharge and fleeting scarlatiniform rash were noted. The 
spleen was not palpable, no Koplik’s spots were present, and no Tiirck cells 
were seen in the peripheral blood. The highest white-cell count was 46,800 per 
c.mm. The child was discharged from hospital well on 31.5.50. 


S.J. A boy of one year and 11 months, who was admitted on 10.5.50, with a 
history of loose stools and a nasal discharge for some days. He continued to be 
well and active, with a discharging nose, and occasionally a loose stool, until 
20.5.50, when some small, firm lymph-glands were palpated in the posterior 
triangle of the neck. Two days later a fleeting macular rash appeared on the 
limbs and trunk. The rash did not resemble rubella, but was much more 
diffuse, a darker red, and very transient. The spleen was not palpable at this 
time. The child was in no way upset, but the glands persisted for several weeks 
unchanged. The highest white-cell count was 75,000 per c.mm. 


W. McK. A boy of 20 months, admitted on 10.5.50, who appeared healthy 
apart from a profuse nasal discharge which persisted for 10 days. Examination 
showed enlargement of the lymph-glands in the posterior triangle of the neck 
and suboccipital region. A fleeting rash was seen on the shoulder area on 
20.5.50, but lasted only a few hours. It had not the appearance of a rubella or 
measles rash. No further lymph-gland enlargement was noted, but the enlarge- 
ment already described persisted unchanged for many weeks. The highest 
white-cell count was 32,100 per c.mm. 


Josephine B. A girl aged three years, admitted on 10.5.50, who had had a 
fleeting macular rash on 3.5.50. She had slight enlargement of the posterior 
cervical glands. She remained perfectly well until her discharge on 31.5.50. 
Her highest white-cell count was 43,000 per c.mm. 


J.McG. A boy aged 22 months, admitted on 10.5.50. He was well on admis- 
sion, but developed a mucoid nasal discharge and slight enlargement of the 
cervical lymph-glands on 14.5.50. On 23.5.50 this enlargement became more 
marked, but no rash was present. The highest white-cell count was 68,000 
per c.mm. 


J.B. A boy of one year and nine months, seen on 22.5.50. He was well apart 
from a slight mucoid nasal discharge and suboccipital adenitis. He made an 
uneventful recovery without a rash, but developed typical measles two months 
later. The white-cell count on 22.5.50 was 45,800 per c.mm. 


K.G. A girl of one year and six months. She was seen on 22.5.50 with cervical 
adenitis and a mild mucoid nasal discharge, but was otherwise well. The white- 
cell count on that occasion was 36,300 per c.mm. 
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THE PULMONARY COMPLICATIONS OF INFLUENZA AS 
SEEN IN SHEFFIELD IN 1949! 


By D. A. J. TYRRELL 
(From the University Department of Medicine, Sheffield) 


In 1803 Laennec noticed an increased prevalence of pneumonia following an 
epidemic of grippe (Laennec, 1821), and during and after the influenza pan- 
demics of 1889 and 1918 much was written about the pulmonary complications 
which were observed. It was acknowledged that there was a rise in the incidence 
of croupous or lobar pneumonia at the height of the epidemic, but it was thought 
that such cases were clinically different from those occurring in non-epidemic 
times. Price (1929) described capillary bronchitis, with widespread fine rales 
and diminished breath sounds, as the main lesion and the main cause of death, 
and Leichtenstern (quoted by Thomson and Thomson, 1933-4) believed that 
influenzal croupous pneumonia was distinguished from other croupous pneu- 
monias by the slowness with which signs of frank consolidation developed, the 
gradual onset, the remittent fever, by the sputum being purulent instead of 
rusty, and by dyspnoea and cyanosis out of proportion to the pulmonary con- 
solidation. In 1933 Smith, Andrewes, and Laidlaw described the recovery of the 
influenza virus, and this opened a new phase in the investigation of the problem. 
The first case of pneumonia following a proved influenza virus infection was that 
of a man who was well and up for one week after an attack of influenza, and then 
developed pneumococcal pneumonia and empyema and died (Andrewes, Laid- 
law, and Smith, 1935). After this the results were published of a number of in- 
vestigations of cases occurring during outbreaks of influenza in which a few 
patients were shown to have virus in the throat or lung, or to give a diagnostic 
serological response. The cases were largely selected on the basis of a history of 
onset suggestive of influenza, or because they were clinically similar to proved 
influenzal cases. The investigations made by Stuart-Harris, Andrewes, and 
Smith, with Chalmers, Cowen, and Hughes (1938), in young Servicemen and 
other patients, suggested that during the 1937 epidemic the recognized pulmon- 
ary complications could be divided into bronchiolitis, which they used almost 
synonymously with capillary bronchitis, typical influenzal pneumonia like that 
described by Leichtenstern, and post-influenzal pneumonia. They also saw 
three cases of fulminating staphylococcal pneumonia, from one of which virus 
was recovered.. They believed that in all the cases of pneumonia, and in some of 
bronchitis, pathogenic bacteria were important factors. Scadding (1937) studied 
58 cases in the same outbreak, and divided the complications into the following 
groups: 1. Less severely or more severely ill patients with physical signs of lung 
1 Received July 26, 1951. 


Quarterly Journal of Medicine, New Series XXI, No. 83, July 1952. 


| 


292 D. A. J. TYRRELL 


involvement, but not of lung consolidation; 2. Patients with basal broncho- 
pneumonia (four), or bronchopneumonia combined with massive consolidation 
(nine), or bronchitis and incomplete lobar consolidation (four), and one case 
of lobar consolidation. He emphasized the wide range of lung conditions 
which might follow influenza. 

In 1940 Francis and Magill independently described the second main influenza 
virus, designated influenza virus B. Finland, Peterson, and Strauss (1942) re- 
ported 40 cases of staphylococcal pneumonia occurring in an influenza A epidemic 
in 1940. In the same epidemic they found evidence of virus infection in 22 cases 
of pneumococcal pneumonia, five cases of chronic heart disease, and one case of 
asthma, bronchiectasis, and cor pulmonale. (See also Finland, Parker, Barnes, 
and Joliffe, 1945.) They reported 27 cases of bronchopneumonia and lobar 
pneumonia seen in the 1942-3 epidemic. They noted that the patients were 
severely ill, that there was often leucopenia at the height of the fever, and that 
the response to sulphonamide therapy was often poor. As regards the relation- 
ship between pneumonia and influenza B, some evidence was obtained that, 
during a period of increased prevalence of pneumonia in Northville, N.Y., the area 
had been visited by a mild unrecognized influenza B epidemic (Commission on 
Acute Respiratory Diseases, 1945). In an outbreak of influenza B in coloured 
Servicemen in 1946, 9-6 per cent. of the patients had mild localized pneumo- 
coccal pneumonia which responded to sulphonamides (Jackson, 1946). Finland, 
Ory, Meads, and Barnes (1948) published their experiences with influenza B and 
pneumonia in 1945. In this series each patient was studied serologically, and 
some by virus isolation. Among virus-infected patients with pneumonia they 
recorded a relatively large number of women, and an increased prevalence of 
Staphylococcus aureus infection (four of 11 cases); most were classified as 
bronchopneumonia, and their response to sulphadiazine was ‘fair’ to ‘excellent’. 
Twenty-five cases with evidence of recent virus infection were nearly equally 
divided between the ‘lobar pneumonia’ and ‘bronchopneumonia’ groups. The 
bacterial flora was not unusual, and the patients all became free of fever in 24 to 
72 hours with sulphadiazine, alone or combined with penicillin. The observers 
were impressed with the frequency with which ‘characteristic’ symptoms of in- 
fluenza occurred in serologically positive cases (29 of 36, compared with 17 of 33 
negative cases). Finland’s work showed that influenza virus pneumonia might 
be either a staphylococcal pneumonia of a rather characteristic type such as was 
also described by Himmelweit (1943) and Burnet, Stone, and Anderson (1946), 
or a pneumococcal bronchopneumonia or lobar pneumonia only distinguished 
clinically by the history of an influenza-like illness. In 1948 Maxwell and his 
colleagues isolated virus from 13 of 33 patients with pneumonia during an in- 
fluenza A epidemic, and in six of these cases the virus was recovered from the 
throat after the sixth day (Maxwell, Ward, and Van Metre, 1949). Clinically the 
cases were little different from ordinary cases of pneumonia, but showed a greater 
frequency of ‘influenzal’ symptoms in the history of onset. They also isolated 
virus from the lungs in four of 28 fatal cases of pneumonia occurring in an inter- 
epidemic period. 
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On considering the work of all these authors it seems that influenza can pro- 
duce a range of clinical phenomena varying from tracheitis to acute pneumonia 
—conditions frequently difficult to distinguish from pulmonary disease unac- 
companied by influenza virus infection. Influenza may occasionally cause heart 
failure (Finland, Peterson, and Strauss, 1942) or acute myocarditis (Finland, 
Parker, Barnes, and Joliffe, 1945). Some authorities estimate that at least 40 
per cent. of cases of pneumonia occurring during an epidemic give serological 
evidence of virus infection, compared with a figure for the general population 
not exceeding 20 per cent. In addition, non-bacterial primary atypical pneu- 
monia has been recognized with increased frequency in recent years, and has 
occasionally been called influenzal pneumonia (Bowen, 1935, Herxheimer and 
McMillan, 1942); Finland, Ory, Meads, and Barnes (1948) mentioned one case 
of influenza B pneumonia which resembled this syndrome, and Ziegler, Curnen, 
Mirick, and Horsfall (1947) recorded influenza A infections accompanied by the 
clinical picture of an atypical pneumonia. 


Observations 

It seemed desirable that one observer should study clinically a series of cases 
of pneumonia and other respiratory-tract illness occurring before and during an 
influenza epidemic, and should correlate the clinical findings with the results of 
laboratory tests of influenza virus infection. The aim of the study was to answer 
the two following questions: 

1. What is the clinical picture of the pulmonary complications occurring in 
persons proved by laboratory methods to have been infected with influenza 
virus ? 

2. Can an entity such as that of influenza] pneumonia, as described in the 
textbooks, be recognized clinically during the type of influenza epidemic 
occurring at the present time ? 

The outbreak of influenza in Sheffield in 1949 afforded this opportunity. 
Patients admitted to the City General Hospital between September 1948 and 
May 1949 were seen as soon as possible after admission, examined personally, 
and studied during the succeeding days. Sputum, garglings, and blood were 
collected for bacterial and virus study. Virus strains were recovered by the 
amniotic inoculation of fertile hens’ eggs with sputum and garglings. Agglutina- 
tion-inhibition (Salk, 1944) and complement-fixation tests were carried out on 
pairs of sera from individual patients, collected in the acute stage of illness and 
during convalescence. 

The existence of influenza virus infection at the time of admission to hospital 
was deduced from (1) the recovery of influenza virus from sputum or garglings 
collected on admission, or from the lung in certain rapidly fatal cases ; (2) a rise 
of at least fourfold in the titre of complement-fixing or agglutination-inhibiting 
antiviral antibody when serum collected 10 to 14 days after admission was com- 
pared with the serum on admission. Absence of a rise or fall of antibody titre 
was regarded as indicating that influenza virus infection was not present on 
admission. When the serum obtained on admission showed high titres of 
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antibodies (1/320 or greater by the Salk test, or 1/64 or greater by the complement- 
fixation test),.comparable with those found in convalescence from influenza, and 
a further sample showed either no rise or a fall, it was deduced that the patient 
had recently suffered from influenza virus infection which had subsided by the 
time of admission to hospital. The study formed part of the general investiga- 
tion already reported by Stuart-Harris, Laird, Tyrrell, Kelsall, Franks, and 
Pownall (1949) and Stuart-Harris, Franks, and Tyrrell (1950), so far as the 
laboratory results are concerned. 


Epidemiology 

In the early part of the investigation few patients with pneumonia were ad- 
mitted. There was a dense and prolonged fog in November, and after that there 
was a general increase of respiratory disease, and a steady stream of cases of 
pneumonia, until late February and early March. The influenza epidemic which 
had been approaching from the south then arrived. It did not ‘sweep’ the city, 
but seemed to produce explosive local outbreaks at different times in different 
districts (see Fig. 1 for an example). There was a sudden increase in thenumber 
of patients with respiratory disease admitted to the hospital, and for the first 
time that year the wards were crowded with sufferers from pneumonia and 
bronchitis. Most of the patients admitted before February were investigated, but 
later all that could be done was to sample the mass of cases admitted. Among 
these hospital patients there were few without some form of chest complication. 
In Chapeltown, an industrial village on the outskirts of the city, there were 84 
cases of clinical influenza and nine cases of pneumonia. The cases of pneumonia 
included the most severe seen by Dr. Skelton during the year. The data suggest 
that the ratio of pneumonia to clinical influenza was of the order of one in ten. 
The epidemic subsided in early April. 


Group I. The Clinical Picture of Pneumonia and Other Respiratory Disease 
Unassociated with Influenza 

Before the epidemic of influenza 46 patients had been examined clinically and 
bacteriologically. They comprised chiefly cases of pneumonia, but a few in- 
stances of acute respiratory disease without pulmonary consolidation were 
included. The evidence that influenza virus was not aetiologically concerned is, 
first, the fact that the cases occurred during the months from September 1948 
to February 1949, prior to the first recovery of an influenza virus strain in 
Sheffield, and secondly that they exhibited no significant change in antibody 
titre against influenza virus, either A or B, during their illness. A second group 
of 20 patients (nine of whom died), who were examined during or after the 
epidemic of influenza, yielded similarly negative bacteriological data, but the 
possibility existed that some might have been infected with the virus and yet 
failed to react serologically or to yield the virus on a direct test. Their descrip- 
tion (Group ITI) follows the description of the influenza group, and only the 
former group of patients was used to construct a clinical picture of pneumonia 
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TABLE I 


Group I: Patients with no Evidence of Influenza: Cases Occurring up to 
February 22, 1949 


White PR8 anti- PR8&com- NED anti- 
Case Age blood-cells Virus body titre plement body titre 
number (years) Sex Clinical condition perc.mm. _Bacteria* isolation (Salk)t —fixationt (Salk)t 
1 63 M Lobar pneumonia 10,800 VII an 80/80 
2 40 M_ Segmental pneumonia a I ake 20/20 
3 63 F Bronchitis and broncho- - Ill as 40/40 
pneumonia 
4 22 M Segmental pneumonia 9,200 XXXIV a 80/80 
5 68 F Lobar pneumonia 7,700 I Ae 80/40 
6 28 M Segmental pneumonia Il 40/40 
7 52 M Lobar pneumonia and ae XIV ea 20/40 
diabetic ketosis 
8 40 M Lobar pneumonia, em- ie I, lll s 20/20 
pyema 
9 28 M Lobar pneumonia ae < 20/< 20 
10 25 M Lobar pneumonia I 20/20 
eB) 11 65 M Exacerbation chronic 4,600 VI 20/40 
bronchitis 
12 51 M Bronchitis and broncho- 14,800 XXV 20/20 
pneumonia 
13 66 Lobar pneumonia, aortic Ix < 20/< 20 
stenosis 
14 29 M Bronchiectasis, acute XXXI 160/160 
bronchitis 
15 63 M Bronchitisand broncho- 35,000 H., XXXIV os < 20/< 20 
pneumonia 
16 62 F Bronchitisand broncho- 9,900 Str. om 20/20 
pneumonia, mitral 
stenosis, auricular 
fibrillation, congestive 
cardiac failure 
17 18 M Lobar pneumonia ne II he < 20/< 20 
18 61 M Lobar pneumonia, 15,500 III <2/<2 
chronic bronchitis 
19 67 M Bronchiectasis and 40/40 
bronchitis 
20 28 M Lobar pneumonia, re- is VI ss 20/< 20 
current 
21 44 M Lobar pneumonia ee Il Se < 20/< 20 
22 12 F Lobar pneumonia, em- Str. 40/80 
pyema 
23 59 M Bronchopneumonia 12,100 VI os 20/20 
24 72 M_ Lobar pneumonia, hyper- Ill < 20/< 20 
tensive heart disease 
25 56 M Lobar pneumonia 7,200 I 6 <2/< 20 <2/<2 
26 26 M Segmental pneumonia om I with S.a. Negative < 20/< 20 2/2 
27 11 Bronchopneumonia 9,300 VIII < 20/< 20 2/2 
28 40 M Lobar pneumonia 7,900 IV Negative 20/20 2/2 160/80 
29 21 F Bronchitis, pleurisy 7,200 V ae 20/20 4/4 
30 53 M Bronchitis, pleurisy 7,600 V i 20/20 4/4 
31 39 F Lobar pneumonia XXVII Negative < 20/<20 <2/<2 
32 39 M_ Lobar pneumonia wn II Negative 80/80 4/4 ‘ 
33 63 M Lobar pneumonia 16,900 XXXIV Negative 80/80 12/12 160/160 
34 51 F Lobar pneumonia 8,300 80/< 20 3/3 160/160 
35 29 M Lobar pneumonia 18,600 III “4 < 20/< 20 8/2 < 20/< 20 
36 36 M Bronchopneumonia 10,300 VIII (B.C.+) 40/20 4/<12 < 20/< 20 
37 57 F Lobar pneumonia, seg- < 20/< 20 2/2 
mental 
38 41 M Bronchitis 19,400 XXxXI Negative < 20/< 20 < 2/<2 
39 38 M Bronchitis 8,200 XXVIII Negative 
40 11 M Lobar pneumonia ate Il a 160/160 2/4 40/40 
41 38 F Lobar pneumonia < 20/20 2/2 < 20/20 
42 58 M Lobar pneumonia us H., S.a. Negative < 20/<20 3/4 < 20/< 20 
43 53 M Bronchitis, pleurisy Ill a 20/20 
44 22 M Lobar pneumonia VIII (VI, VII) Negative 40/20 
45 56 M_ Lobar pneumonia (fatal) IV (B.C.+) 
46 36 M_ Lobar pneumonia (fatal) (Pneumococcus) 
*Numerals = pneumococcus types. H. = H. influenzae. Str. = Strep. pyogenes. S.a. = Staph. aureus. B.C.+ = positive 


blood culture. 
tFigures represent reciprocal of titres found in sera taken on admission and in convalescence. 


and other acute respiratory disease unmodified by influenza. There were, there- 
fore, for analysis, 38 cases of pulmonary consolidation and eight cases of 
bronchitis only (Table I). 
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The patients with bronchitis included one woman and seven men. Their ages 
‘ranged from 21 to 67 years. Two of the patients had bronchiectasis and one had 
long-standing chronic bronchitis, and these were clinically distinct from the 
remainder of the group. These three patients had been gradually becoming more 
ill for a month before admission, whereas the other patients had been ill for four 
days or less when they were first seen. The three with chronic chest disease had 
mild constitutional symptoms, but severe cough, copious mucoid or purulent 
sputum, and marked dyspnoea. The five previously healthy patients had a 
rather rapid onset of shiveriness and limb pains, and two patients vomited. 
Dyspnoea was not marked, but small quantities of sputum were raised. These 
patients exhibited a few scattered rales or rhonchi in the chest, and two showed 
slight cyanosis, whereas the three patients with chronic chest disease had 
numerous widespread added sounds, and one was deeply cyanotic. Three of the 
patients with acute bronchitis had mild chest pain of a pleural type, and in two 
a friction was heard ; otherwise the chest pain was merely a substernal soreness. 
The patients with chronic chest disease had a temperature of 99° F. or less, and 
only recovered gradually in three or four weeks, in spite of chemotherapy, but in 
the acute cases the temperature was higher (up to 102° F.) and usually fell to 
normal in a day or two. The patients with pneumonia included 10 women and 
28 men. Their ages ranged from 12 to 72 years. Two men died. A few patients 
had had previous attacks of pneumonia, and four gave a history of chronic 
bronchitis, but the rest had been well until shortly before the onset of illness. In 
17 instances the patients rapidly became ill within 48 hours, but the rest had 
had a preceding head cold, and a few had had cough and sputum. At the onset 
most patients shivered, many had limb pains, and vomiting was frequent. 
Cough, dyspnoea, and chest pain occurred at or soon after the onset. The cough 
produced a small or moderate amount of blood-stained (17 instances) or muco- 
purulent sputum. Dyspnoea was present in all but five cases. The chest pain 
was usually pleural in type, but five patients had no chest pain, and five had 
substernal pain. On admission most patients had a temperature between 100° 
and 103° F., but nine had temperatures below 100° F., and six of these were 
over 60 years of age. Nine patients were moderately cyanotic, and five slightly 
so. Six of the patients were regarded as being severely ill. In 14 cases there was 
dullness and bronchial breathing over the consolidated area. Several times 
bronchial breathing was heard only in an area adjacent to that which was dull 
to percussion or opaque radiologically. There were generalized rhonchi in nine 
cases ; four of these nine patients had chronic bronchitis, and one other had 
mitral stenosis and congestive failure. In seven patients the consolidation was 
bronchopneumonic in distribution ; in three of these it had appeared on a back- 
ground of chronic bronchitis, and in one congestive heart failure coexisted. 
These four patients were older than the other sufferers from pneumonia, and 
had a long and grrdual onset. In two others (Cases 27 and 36) the illness was 
more sudden and severe. 
The time for recovery varied from one to three weeks, and seemed slower in 
old patients, in those with chronic chest disease, and in those severely ill at the 
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onset. There were two cases of empyema (Cases 8 and 22), and one of lung 
abscess following a pulmonary embolism (Case 6). One patient (Case 2) developed 
auricular fibrillation during a severely toxic illness and another, a diabetic 
(Case 7), developed moderate ketosis. The two patients who died were very ill 
on admission ; one of them had gone to work with pneumonia ; bacteriaemia was 
present on admission (Case 45). 

In three cases no organisms were isolated from the sputum. One of these was 
a patient with pneumonia (Case 9) who had had a course of sulphonamide before 
admission. Apart from one case of Haemophilus influenzae and Staphylococcus 
aureus infection (Case 42) and two in which Streptococcus pyogenes was found, 
pneumococci yere isolated from the remaining 40 cases, and there was some 
correlation between the recovery of Types I to VIII and the presence of a lobar 
distribution of consolidation. The total leucocyte count was raised in nine of 
20 cases. In all cases this rise was due to a polymorphonuclear leucocytosis, but 
in a number of the patients with a normal total count there was a shift to the 
left, or toxic granulation of the cytoplasm, in cells of the polymorphonuclear 
series. 

Summary. Respiratory disease as seen in patients admitted to hospital before 
the influenza epidemic varied in type, but could be classified in two main groups. 
Bronchitis: a mild catarrhal inflammation of the bronchial tree, with malaise, 
occurred in otherwise healthy persons, but the same sort of illness precipitated 
patients with chronic chest disease into a long illness with severe cough, sputum, 
and dyspnoea. Pneumonia in over half of the patients seemed to be a sequel to 
a head cold or to an attack of respiratory catarrh. There were many cases with 
the sharp onset and clear-cut signs of classical lobar pneumonia, but the onset 
was often indefinite, with poorly marked signs, and partial or segmental involve- 
ment of a lobe was quite common. Patchy lung involvement usually occurred in 
old patients with other illnesses. Chemotherapy controlled the disease so quickly 
in most cases that one’s impression was that it was not often a very severe disease. 
In old people, however, the febrile response was poor, and convalescence was 
only slowly established. 


Group II. Cases of Respiratory Disease Associated with Influenza Virus Infection 

1. Twenty-three patients with proved influenza virus infection. Thirteen women 
and ten men showed definite serological or cultural evidence of influenza virus 
infection, but it will be seen from Table II that they exhibited a wide variety of 
clinical manifestations. Their ages ranged from 15 to 76 years. The commonest 
clinical picture was a febrile illness with acute inflammation of the tracheo- 
bronchial tree. The onset tended to be sudden, with general symptoms such as 
aching limbs and back, shiveriness, and headache, followed rapidly by mild sore 
throat or coryza, retrosternal pain, cough, and sputum. The patient was usually 
dyspnoeic and often slightly cyanosed, and there were scattered rales or rhonchi 
in the chest. The illness was mild and lasted about five days in most cases, 
though chest signs often lingered for two weeks. This picture was seen in five 
patients aged from 25 to 68 years. In two patients (Cases 52 and 53) the bron- 
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chiolar involvement was intense, and the resultant clinical picture was unlike 
anything seen in interepidemic times. The patients were severely ill, cyanotic, 
and very dyspnoeic, and there were numerous added sounds in the chest. 
Although they were previously healthy, convalescence was prolonged, and the 


TABLE II 


Group II: Patients with Evidence of Influenza Virus Infection 


White PR8 anti- PR8& NED anti- 
Case Age Lung or cardiovascular blood-cells Virus body titre complement body titre 
number (years) Sex disease perc.mm.  Bacteria* isolation (Salk) Sixation (Salk) 


1. Concurrent infection (recovery of virus or diagnostic rise of antibody titre): 


56 Bronchitis and collapse .. VI 20/80 < 2/2 160/160 
of middle lobe 

Bronchitis ahs Positive 20/20 <2/> 16 40/1280 

Bronchitis, mild ar XIX Negative 80/320 8/64 

Bronchitis Cat. < 20/160 < 2/48 < 20/160 

Bronchitis . Positive < 20/640 6/128 < 20/160 

Bronchitis os . Positive < 20/40 4/64 40/160 


68 


34 
31 
56 


Bronchiolitis os . coli Negative 80/1280 16/256 20/320 

Bronchitis and bronchi- ae Positive 40/320 < 2/128 < 20/640 
ectasis 

Status asthmaticus i Positive 30/640 2/64 40/320 

Bronchitis and mitral ate 160/160 < 2/32 < 20/80 
stenosis 

Bronchopneumonia, Positive 40/320 4/64 40/640 
severe 

Bronchopneumonia 40/640 8/96 40/640 

Bronchopneumonia, XIX 20/40 2/64 80/1280 
congestive heart 
failure 

Lobar pneumonia iti 160/320 2/>16  160/1280 

Lobar pneumonia, il a 80/1280 16/256 80/1280 
pleural effusion 

Lobar pneumonia with An 20/160 64/64 40/160 
relapse 

Fatal bronchopneu- 
monia, emphysema 


ZS 3m 


Fatal fulminating 
pneumonia 


Hypertension, conges- 
tive cardiac failure 

Mitral valve disease, 
congestive cardiac 
failure, cerebral em- 
bolism 


. Post-influenzal pneumonia: 
F  Pneumonitis and 256/128 320/320 
bronchiectasis - 
Bronchopneumonia 
Bronchopneumonia 
Bronchopneumonia 
Lobar pneumonia I c 1280/1280 
Lobar pneumonia en 160/160 
Lobar pneumonia 640/20 
Bronchopneumonia, S.a.++ Negative < 20/< 20 
pulmonary cyst 
*Numerals = pneumococcus types. N. cat. = N. catarrhalis. H. = H. influenzae. Str. = Strep. pyogenes. Str. v. = Strep. 
viridans. S.a. = Staph. aureus. 


M 
M 
M 
M 
F 
F 
F 
F 
F 


associated cough and sputum suggested a slow recovery of the bronchial mucosa. 
They appeared to recover completely in the end. Several patients developed 
acute exacerbations of a chronic chest disease such as bronchiectasis or chronic 
bronchitis, and these cases were not clinically distinguishable from similar cases 
occurring before the epidemic. There was also one case of fairly severe status 


47 
48 
49 
50 
51 
$2 
op Vey 
N.cat. 

5334 
54 50 
5s 40 
56 25 
57 22 
58 43 
59 76 
60 15 ‘ 
61 28 
62 30 
63 69 
64 49 Very Positive 
65 59 PF numerous Positive 
66 53 Staph. Positive 
67 ‘ee aureus Positive 
68 66 13,000 ee Positive 
69 54 ee IV se 20/80 <2/4 40/40 
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asthmaticus in a woman (Case 55) who had previously had attacks of asthma for 
four years. There was no fever, and the bronchospasm responded to adrenaline. 
Three patients showed congestive heart failure. One man of 76 years (Case 59) 
showed raised venous pressure and oedema for a few days, during a sudden 
febrile illness with respiratory symptoms and mild patchy lung consolidation. 
A woman of 66 years (Case 68), with long-standing hypertension and coronary 
artery disease, died with rapidly increasing oedema, cyanosis, and pulmonary 
congestion, without fever. Another woman (Case 69) had chronic rheumatic 
heart disease and auricular fibrillation, and suddenly developed congestive heart 
failure with slight fever. Five cases of pneumonia occurred in relatively young 
subjects. The first (Case 60) was a mild case of typical lobar pneumonia due to 
pneumococcus Type I; the other patients were severely ill, and three had a slow 
and stormy convalescence, but otherwise they were not strikingly different from 
pre-epidemic cases. The remaining five patients all died with signs of pneumonia. 
A man aged 69 years with emphysema (Case 63) died of bronchopneumonia. He 
had been severely handicapped by his emphysema for years, but became ill, 
cyanotic, and febrile, and gradually deteriorated over two weeks. Four women 
died within eight days of the onset of a fulminating staphylococcal broncho- 
pneumonia. After a short general illness they developed respiratory symptoms, 
became mentally clouded, deeply cyanotic, and extremely dyspnoeic. Though 
there were widespread coarse and medium rales, none of the usual signs of con- 
solidation were elicited. One patient showed cardiovascular collapse, but the 
others died of asphyxia and toxaemia in spite of vigorous treatment with peni- 
cillin. An oxygen tent seemed to help one patient. 

As an influenza epidemic was in progress at the time when these patients were 
seen, many were suspected of having influenza. There were two clinical groups 
which could be definitely and correctly diagnosed as influenzal. These were 
patients with severe tracheobronchitis (who were often as ill as those with pneu- 
monia) and patients with fulminating staphylococcal pneumonia. Apart from 
these, it was noticeable that cases of pneumonia admitted in the epidemic period 
seemed on the average more severe than those seen previously. Inthe cases of in- 
fluenza virus infection it is noticeable that there was a correlation between the 
bacteria in the sputum and the clinical picture. For instance, all patients with a 
Type I or II pneumococcus in the sputum had lobar pneumonia, and all patients 
with numerous Staphylococcus aureus in the sputum had asevere type of broncho- 
pneumonia. Most of those with commensal organisms (Neisseria catarrhalis and 
Streptococcus viridans), or the higher types of pneumococci, had bronchitis. It 
seems probable that the influenza virus produces predominantly an acute 
tracheobronchitis, and that, if severe, this disease may be recognizably different 
from sporadic winter bronchitis produced by other agents. The other complica- 
tions depend for their existence and nature upon the type of bacteria carried by 
the patient or acquired with, or soon after, the influenza virus infection. One 
patient (Case 75) sat with a friend suffering from mild pneumonia, and a few 
days later nursed her mother who had influenza. 

2. Hight patients with serological evidence of recent influenza virus infection 
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(post-influenzal pneumonia). There were eight patients who had high antibody 
titres on admission to hospital. All had pneumonia, except one who had a flare- 
up of pneumonitis round a long-standing bronchiectasis. The ages ranged from 
27 to 67 years. There were five women and three men. About half of the patients 
gave a history of an influenza-like illness which had preceded the symptoms of 
pneumonia by about a week, but the others, especially the older patients, had 
become gradually worse after the indefinite onset of respiratory symptoms. 
Except one patient with lobar pneumonia, they all had severe illnesses. Three 
patients showed a lobar distribution of consolidation, but in four cases there was 
a patchy anatomical pattern. Recovery was slow in spite of vigorous therapy. 
One patient with pneumonia, pericarditis, an infected lung cyst, and mania only 
recovered after a month of intensive chemotherapy. The bacteria recovered 
from the sputum of these patients comprised pneumococci (four cases) and 
Staphylococcus aureus (two cases). One patient (Case 73) had both pneumococci 
and Staphylococcus aureus in his sputum. Every patient examined had a poly- 
morphonuclear leucocytosis. 

Summary. The diseases in patients admitted to hospital and found to yield 
laboratory evidence of influenza virus infection were very varied, but could be 
classified in the following groups: 

1. Mild and severe tracheobronchitis in persons of all ages. 

" 2. (a) Pneumonia of varied anatomical pattern. The illness was often severe, 
and pathogenic bacteria were recovered from the sputum, but there was 
often no history to suggest an attack of influenza. 

(b) Fulminating staphylococcal pneumonia. 

3. (a) Exacerbations of chronic chest disease—chronic bronchitis, bronchi- 
ectasis, and asthma. 
(6) Sudden episodes of heart failure in persons with impaired cardio- 
respiratory function. 


Group III. Cases of Pneumonia Without Evidence of Influenza Virus Infection, 
Occurring During or After the Outbreak 

Most of the 20 patients in this group had illnesses covered by the general 
description given in the preceding sections. They included an apparently typical 
case of influenza and mild bronchitis, a patient with bronchopneumonia who 
developed right ventricular gallop rhythm and cardiac failure, a case of rheu- 
matic heart disease with congestive failure following a febrile illness with 
respiratory symptoms, several patients with severe lobar pneumonia, including 

a husband and wife, and one case of fulminating bronchopneumonia. 


The Clinical Picture of Influenzal Pneumonia 
The records were examined with a view to finding whether there was a 
recognizable difference between the clinical pictures of influenzal and non- 
influenzal pneumonia. Cases of fulminating staphylococcal pneumonia were 
excluded from the comparison. The notes of 37 patients from Group I and 13 
from Group II were used. The age-distribution, and the frequency of chronic 
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chest and heart disease, were similar in the two groups. The lengths of the 
histories were also similar, and in the second group correlated well with the type 
of serological findings (concurrent influenzal infection or post-influenzal illness). 
The histories of onset on the whole were similar, and Fig. 2 summarizes the in- 
cidence in each group of some of the main symptoms and signs. Finland, Ory, 
Meads, and Barnes (1948) stated that the history enables us to distinguish be- 
tween influenzal and other kinds of pneumonia. An examination of this problem 


TaBLE III 
Mean Data for Patients with Pneumonia on Admission, Excluding Fulminating 
Staphylococcal Pneumonia 
Standard 
error of 
Virus-positive Virus-negative differences 
Mean temperature 101-2° F. 100-9° F. 0-6° F. 
Mean pulse rate per min. . 102 102 1-4 
Mean respiration rate permin. . : 35 29 0-7 


was made; 53 case sheets classified as ‘non-fatal bronchitis or pneumonia occur- 
ring after the onset of the epidemic’ were mixed at random, and the history was 
read without the identifying details and classified as influenzal or non-influenzal. 
The first class included cases with a sudden onset of pain in the head and limbs 
and malaise, forcing the patient to. bed, and associated with cough and sub- 
sternal soreness in the next day or two. Cases with a gradual onset and with 
pleural pain early in the illness were placed in the second class. Twenty-one of 
28 virus-negative cases were called non-influenzal, and 12 of 25 virus-positive 
cases were called influenzal. The number diagnosed as influenzal would not have 
been so high if it had not been known that they were drawn from an epidemic. 
It is clear that the history only partly separated the classes, and also that barely 
one-half of the patients with influenza virus infection gave a history clinically 
recognizable as influenza. Physical findings revealed some differences between 
cases of influenzal and non-influenzal pneumonia. The mean respiration rate 
was higher in the influenzal group, which also included a high incidence of 
mental changes such as delirium, confusion, or drowsiness, and also of cyanosis, 
complaints of substernal soreness, and the finding of widespread rales and 
rhonchi outside the area of consolidation. These findings suggest that in in- 
fluenzal pneumonia there is an associated tracheobronchitis which leads to 
anoxia, and that mental changes occur in a higher proportion of cases than in 
ordinary pneumonia. There was also a definite difference in the rate of recovery 
in the two groups. Four of the influenzal patients relapsed, and the mean ‘time 
for recovery’ in the group as a whole was 15 days, or over three times that of the 
controls (4-8 days). The ‘time for recovery’ was taken as the interval between 
the day of admission and the day on which the temperature fell to normal and 
did not rise again. When this criterion was not appropriate, the day on which 
the patient seemed definitely improved constitutionally was taken instead. All 
cases were treated with sulphonamides or penicillin, or a combination of the 
two. The white-cell count was of no value in distinguishing influenzal cases. 
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The difference in the incidence of bronchopneumonic consolidation may be due 
to the fact that such cases are not easy to detect clinically, and therefore some 
may have been rejected in the early part of the winter, while similar cases may 
have been accepted at the height of the epidemic when the net was being ‘cast 
more widely’. It is unlikely that such selection, if it occurred, would account for 
all the differences observed. 

Discussion 

It is now possible to give a fairly clear answer to the first question posed in the 
present study, namely, what are the clinical syndromes appearing as complica- 
tions of influenza virus infections? The first is tracheobronchitis. This is well 
known. Its severest grade has been previously described as ‘capillary bronchitis’ 
or ‘bronchiolitis’ and is recognized as a serious complication in some instances. 
The second syndrome is influenzal pneumonia. This includes cases of broncho- 
pneumonia and lobar pneumonia which are clinically more severe than cases 
occurring at times when influenza virus is not active. The patients in such cases 
do not respond well to chemotherapy. There is also the well-defined group of 
patients with fulminating staphylococcal pneumonia. Lastly, there is another 
group which has only been hinted at in previous studies. It comprises elderly 
people with impaired cardio-respiratory function or chronic heart or chest 
disease. They undergo an exacerbation of their chronic symptoms and show few, — 
if any, of the usual symptoms of influenza. The illness may last a week or so, 
and often proves fatal. The clinical picture before death may be of congestive or 
peripheral vascular failure or respiratory catarrh, or a mixture of all three. Such 
a clinical picture was deduced from the results of a previously published statis- 
tical study of notifications of deaths from influenza (Stuart-Harris, Franks, and 
Tyrrell, 1950). 

The second question posed in this study was whether a distinctive influenzal 
pneumonia can be recognized. The answer is that there is a difference between 
the cases assembled as groups, but in the individual patient it is not possible to 
make a sure distinction between influenzal and non-influenzal pneumonia. In 
the epidemic period about half of the acute respiratory cases admitted were 
complications of influenza, and there was a noticeable difference between the 
clinical picture seen at that time and that seen earlier in the winter. This diffi- 
culty in distinguishing influenzal pneumonia on clinical grounds may be due to 
the fact that general factors and chemotherapy have altered the picture in non- 
influenzal pneumonias towards the vaguer picture seen in influenzal cases. On 
the other hand, it may be that previous descriptions have concentrated upon the 
outstandingly different cases, and that many less well differentiated cases would 
have been revealed if modern bacteriological methods had been available. In 
addition, although the clinical picture produced by the various influenza A 
viruses isolated since 1933 seems fairly uniform, it may be that the agent of 
pandemic influenza, such as that of the 1918 pandemic, was accompanied by a 
syndrome different from that of modern influenza. The altered age-distribution 
of pandemic influenza clearly indicates a difference from the inter-pandemic 
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disease. One group of cases seen in all recent epidemics does, however, bear a 
recognizable resemblance to the clinical picture recorded in the last great pan- 
demic. This is the group of influenza-staphylococcal pneumonias. The clinical 
picture is so striking that it is an undoubted factor in leading to the use of the 
term influenzal pneumonia. The fact that it is resistant to chemotherapeutic 
agents in the normally applied dosage sets it apart from most other pneumonias 
seen at the present time. The present study, though re-emphasizing the import- 
ance of this group, has not added in any material respects to knowledge concerning 
the clinical picture. Nevertheless in this group the link with pandemic in- 
fluenza is clear. At the risk of repetition, it is perhaps important to indicate that 
the main points of distinction of influenza-staphylococcal pneumonia are the 
rapidity of deterioration after an onset which may appear mild, and the develop- 
ment of intense dyspnoea and cyanosis without striking chest pain, and of 
troublesome cough with bloody sputum and a general aspect of intense toxaemia. 
Death may occur with signs of generalized pulmonary oedema, or from circu- 
latory collapse. The characteristic morbid anatomy, with necrosis of the tracheal 
epithelium and widespread pulmonary oedema and haemorrhage, has been fully 
described by Himmelweit (1943), Wollenmanand Finland (1943), Burnet, Stone, 
and Anderson (1946), and others. It seems that the influenza virus causes 
pneumonia by predisposing the respiratory tract to invasion by pathogenic 
bacteria. Thereis no evidence that it does this in a manner different from that of 
other predisposing factors, such as cold (Wright and Wright, 1945) and undiffer- 
entiated respiratory tract disease. In fact it seems likely that the specific 
tracheobronchitis causes ciliary damage and increased mucous secretion, which 
encourage the formation of mucous plugs and small areas of atelectasis (Ramsay 
and Scadding, 1939) and these, if invaded by pathogenic bacteria, may progress 
to pneumonia. 
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Summary 


1. A study of the clinical manifestations of influenza virus infection, as seen 
in a group of hospital patients, is reported. 

2. The clinical syndromes observed were (1) bronchitis, which was occasionally 
more severe than that observed in any non-influenzal cases; (2) pneumonia, 
which ranged from mild to severe, and in which pathogenic bacteria played a 
large part; (3) exacerbations of chronic chest and heart disease, which in old 
people often proved fatal. 

3. As a result of attempts to distinguish influenzal from non-influenzal cases 
it was concluded (1) that there was only a slightly greater incidence of ‘influ- 
enzal’ symptoms in cases in which influenza virus played a part; (2) that cases 
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of influenzal pneumonia, taken as a group, were more severe than those of non- 
influenzal pneumonia, but in individual patients a clinical distinction could not 
be made except in cases of fulminating Staphylococcus aureus pneumonia. 
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THE EFFECT OF CORTICOTROPHIN IN RHEUMATIC 
FEVER! 


By E. G. L. BYWATERS anp A. St. J. DIXON 


(From the Special Unit for Juvenile Rheumatism, Canadian Red Cross Memorial 
Hospital, Taplow, Bucks.) 


With Plate 14 


THE dramatic results claimed by Hench, Kendall, Slocumb, and Polley (1949) 
when they first announced the effects of 17-hydroxy-11-desoxycorticosterone 
(cortisone) in rheumatoid arthritis have been widely and amply confirmed. A 
second paper (Hench, Slocumb, Barnes, Smith, Polley, and Kendall, 1949), 
published shortly after the first, indicated that rheumatic fever might be equally 
responsive. If these claims were borne out, corticotrophin and cortisone might 
well be more usefully employed to terminate this acute illness rather than to 
maintain improvement in a chronic disease, at any rate during the period of 
scarcity. However, in a disease of variable duration, subsidence of pathological 
activity in a single patient might merely coincide with the giving of a drug, 
and a large number of cases together with an adequate untreated series would 
be necessary to determine this point. Furthermore, if these substances acted 
merely by the suppression of certain symptoms, recurrences would appear after 
stopping treatment only in patients in whom the natural course of the 
disease was long enough. A similar problem is presented by the action of 
salicylates. It is realized that there are still proponents of the view held by 
Coburn (1943) that in adequate dosage, with a blood level above 35 mg. per 
100 ml. for an adequate period, salicylates do more than suppress symptoms ; 
it is realized further that there is little solid evidence for or against this hypo- 
thesis. It seems to us, and perhaps to a majority of investigators in this 
country and in the United States who are interested in rheumatic fever, that 
salicylates suppress certain symptoms and do not affect the underlying disease 
process. Does corticotrophin act in the same way, or does it arrest the disease ? 
With the limited amount of gorticotrophin placed at our disposal, it was felt 
that a clear-cut answer to this question could be obtained only by treating 
patients in the phase of chronic established rheumatic activity. Such patients 
were in a more stable state and, it was felt, were less liable to show spontaneous 
remissions within the eight-day period chosen for treatment than patients 
treated in the first acute phase of the disease, within a period of one month from 
the onset. The only satisfactory study of the effects of corticotrophin in the 
first few days or weeks would be a statistical one, using more material than at 
that time (October 1949) we possessed. 
1 Received February 9, 1952. 
Quarterly Journal of Medicine, New Series XXI, No. 83, July 1952. 
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General Plan 


The general plan was to select patients for the study who had shown con- 
tinuous activity of the rheumatic process for at least four weeks (Fig. 1), and 


7 8 9 WEEKS Il 


Fic. 1. Pulse (continuous line) and temperature chart of eight patients treated 
with corticotrophin (ACTH). R. G. and R. M. were under observation else- 
where during the first week. 


who had received no other drug therapy. This period was followed by 24 days 
of intensive study, divided into eight days of saline injections, eight days of 


308 
PULSE TEMP. 
B.A., 110 102 
90 100 | | 
age 
130 10 
J.D., NWO 102 | 
10 102 
: age 70 98 
wr, 102 | | | 
SO 96 
130 104 | 
EV. HO 102 | 
T4yrs. 70 - 98 
2 2 4 § 


EFFECT OF CORTICOTROPHIN IN RHEUMATIC FEVER 309 


corticotrophin,? and eight days of saline, and then by a follow-up period of 
four weeks. Eight patients with chronic rheumatic fever were treated accord- 
ing to this plan, and five patients with chronic rheumatic fever were observed 
as untreated controls. One other patient, initially studied as a control case, 
later received the standard course of therapy. These control patients were 
selected for their similarity in age, and in the severity and duration of their 
disease. They were studied in a similar way, and received saline injections 
instead of corticotrophin from the ninth to the 16th day of intensive observa- 
tion. The nature of the injections was known to the nursing and medical staff, 
but not to the patients. No other anti-rheumatic drugs were given to these 
patients with the exception of three (J. D., R. M., and J. L.), who were especi- 
ally ill, and required short courses of aspirin during the observation periods, 
but did not receive any during the period of therapy. The criteria used for 
diagnosis of rheumatic fever are those outlined by Jones (1944). In addition, 
before treatment was started, the patients had shown at least five weeks of 
continuous activity of the rheumatic process as judged by a weekly (Westergren) 
erythrocyte sedimentation rate of at least 20 mm. in one hour, and by the 
presence of other manifestations such as failure to gain weight, pyrexia, and 
anaemia. We have also drawn on our previous and subsequent experience of 
patients with rheumatic fever, treated otherwise than according to the régime 
detailed above, where they seem to illustrate special points. Thus the present 
report covers nearly all the manifestations of the chronic phase of rheumatic 
fever, although the distribution of these manifestations has varied from patient 
to patient. Limitation of space precludes the publishing of detailed case 
histories, and the small series of controls, studied as a check on the reliability 
of our methods, will not be further discussed except where their clinical pro- 
gress is relevant to the progress of treated patients. 

A special study was made of the effects of corticotrophin on ‘pure’ rheumatic 
chorea. By this we mean pafients with Sydenham’s chorea who, at the time 
of treatment, did not show any other manifestations of rheumatic activity such 
as fever, carditis, polyarthritis, or raised sedimentation rate. The methods 
used are detailed elsewhere (Bywaters and Dixon, 1952), and followed a general 
plan similar to that described above. Six patients with ‘pure’ chorea were 
studied, of whom five were treated and one served as a control. Because of 
the negative results of treatment it was felt that further control cases were 
unnecessary. 

Pork corticotrophin® was used in the present study. All batches had been 
assayed in terms of Armour Standard LA IA. The dose of corticotrophin was 
50 mg. a day for eight days. In most cases it was given as five doses of 10 mg. 

2 This eight-day course, to which therapy was restricted by the supplies available, is 
less than that which most workers would now think sufficient for the treatment, as 
opposed to the investigation, of the disease. 

3 Most of the corticotrophin (Batch No. 200-116) was kindly supplied by Dr. W. J. 
Tindall, of Organon Laboratories Limited. That used for the investigation of chorea was 


manufactured by Armour Laboratories (Batch Nos. J. 9401, J. 18306, J. 16205), and was 
part of an allocation supplied for these clinical trials by the Medical Research Council. 
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One patient (R. M.) received 80 mg. per day in four doses of 20 mg. The 
ampoules were stored in a refrigerator, and were dissolved in sterile normal 
saline immediately before use. The injections gave little pain, and no reactions 
developed at the injection sites. The first injection of the day was given at 
8 a.m., and 24-hour collections of urine were started at the same time. Vene- 
punctures were done at 10 a.m., and capillary blood for all counts was taken at 
11 a.m. Clinical examination followed, and the child was weighed before lunch 
at 12 noon. It was hoped thus to eliminate variations due to the time of day, 
which might have interfered with comparison between observations made 
during treatment and those made during control periods. 


Clinical Methods 

During the period of intensive study no changes were made in régime other 
than the substitution of corticotrophin for saline injections. Patients were 
limited to rest in bed, and if initially they were too ill to feed and wash them- 
selves, they were fed and washed throughout. They were weighed daily at the 
same time of day, and were given a constant-calorie diet of the A-B-A-B type, 
providing equivalent menus on succeeding days. Fluids were allowed ad 
libitum. Rejected items of diet were collected, and weighed after separation 
into their constituents. The total daily fluid intake and urine output were 
measured and recorded. Urine outputs were pooled every two days, and ali- 
quots of each two-day pool were stored for the estimation of total nitrogen and 
17-ketosteroid, with concentrated hydrochloric acid as a preservative. Electro- 
cardiograms were taken at least twice in each eight-day period, and a strip of 
twenty complexes of standard lead II was obtained for estimation of the cor- 
rected QT interval (QTc) and of the PR interval. The QTc was measured 
according to Bazett’s formula (Bazett, 1920), and is the QT interval (as deter- 
mined by the mean of 10 measurements) divided by the square root of the 
cycle length (the mean of 20 consecutive cycles). Cardio-thoracic ratios were 
determined before, during, and after treatment, from postero-anterior chest 
radiographs taken at six feet, erect, and in full inspiration, with an exposure of 
0-5 second. 


Laboratory Methods 

Direct eosinophil counts were measured by Randolph’s method (Randolph, 
1944). We have followed by this method the hourly variation of the eosinophil 
count throughout the 24 hours in normal and rheumatic subjects, and we have 
found that it is sometimes possible to obtain large and apparently significant 
falls in the count of circulating eosinophils between 8 a.m. and 11 a.m. We 
therefore compared the eosinophil counts during the treatment period, obtained 
at 11 a.m., three hours after an injection of corticotrophin, with those obtained 
during the control period at 11 a.m., three hours after an injection of saline 
(Fig. 2). Urinary creatinine was measured by the method of Folin and Wu (1919), 


* Subsequent experience indicates that this precaution is unnecessary. 
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and urinary uric acid by the method of King, Haslewood, and Delory (1937). 
The urine for uric-acid/creatinine ratios was collected from a fasting 8 a.m. 
specimen, and in addition, from some patients, from the non-fasting 12 noon 
specimen. These methods were adopted because it was not thought practical 
to follow Thorn’s original technique of collecting a fasting specimen three hours 
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Fic. 2. The eosinophil response in eight patients treated with cortico- 

trophin (ACTH) and six controls. The figures inset in the third eight- 

day period of each case are the eosinophil counts before and three 
hours after an injection of adrenaline. 


after an injection (Thorn, Forsham, Prunty, and Hills, 1948), since this meant 
waking the children three hours before breakfast. Urinary nitrogen was measured 
by the micro-Kjeldahl method. Urinary 17-ketosteroids were measured by the 
methods of Callow, Callow, and Emmens (1938), after extraction by the method 
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of Robbie and Gibson (1943). Serum antistreptolysin titres were measured by 
a modification of Todd’s (1932) method. Serum-histaminase was measured by 
Kapeller-Adler’s (1949) method. The heparin-inactivating power of the serum 
was measured by the method of Abrahams, Glynn, and Loewi (1951). 
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Fic. 3. E. V. Composite chart showing changes during the period of administration of 
corticotrophin (ACTH). Note the change in the time scale. 


Adrenal Cortical Response 

With the batches and dosage used we observed a normal adrenal cortical 
response. Thus all the patients with rheumatic fever, and all but two of those 
with chorea, showed a fall greater than 50 per cent. in the number of circulating 
eosinophils (Figs. 2, 6), and in all the patients with rheumatic fever the fall at 
three hours after an injection of corticotrophin was greater than that observed 
after an intramuscular or intravenous injection of adrenaline sufficient to produce 
symptoms. But the patients who were most ill, such as E. V. and J. L., showed 
a very low initial count, and we found that a more reliable guide to the physio- 
logical effect of corticotrophin was the ‘release’ rise in the eosinophil count 
when treatment ceased rather than its depression during treatment. We also 
observed increases in the 17-ketosteroid output and in nitrogen output, and 
concluded that in all the patients, except two with chorea, the dosage used 
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was adequate to secure adrenal stimulation. Fasting urinary uric-acid/creati- 
nine ratios (see Methods) proved unreliable indices of corticotrophin action, and 
significant changes were not obtained. 


Clinical Observations 


Fever and pulse-rate. The patients who had fever showed a fall of tempera- 
ture within the first 48 hours, and in several cases within 18 hours. Where the 
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Fic. 4. J. L. Composite chart to show changes during corticotrophin therapy 
(ACTH). Note the development of a new pericardial rub, in spite of suppression 
of the temperature to subnormal levels. Death occurred on the 28th day. 


temperature had previously been elevated, as in the patients E. V. and J. L. 
(Figs. 3, 4), it was depressed sometimes to subnormal levels. It should be noted 
that the daily temperature range found during cortisone or corticotrophin 
therapy may be low by absolute standards: frequent temperatures of 96° F. or 
lower are recorded. Moreover, it may be low compared with the normal daily 
range shown by the same child after recovery (J. S., Fig. 5). Bradycardia, with 
a slowing of the heart to 40 beats per minute or less, was occasionally seen, as 
noticed by Hench, Slocumb, Barnes, Smith, Polley, and Kendall (1949). It 
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ric. 5. Bradycardia (sleeping pulse-rate) and low daily range of temperature after one 
week of cortisone therapy, and rebound after stopping cortisone, in a girl of 13 years. 
First attack of rheumatic fever, with polyarthritis and carditis, 10 days previously. 
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was similar to, though often more profound than, the slowing of the heart-rate 
which may appear during the spontaneous subsidence of activity of the rheu- 
matic process (Hirsch and Flett, 1952; Parkinson, Gosse, and Gunson, 1919). 
The fall in pulse-rate never preceded the fall in temperature. Although tem- 
perature and pulse-rate usually fell together, exceptions were provided by those 
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Fic. 7. J.D. Changes observed during eight days of corticotrophin 
therapy (ACTH) and eight days of salicylate therapy. 


patients who had a severe degree of carditis, such as J. L. and R. M. (Figs. 4, 
6), and who showed no response of the sleeping pulse-rate in spite of a satis- 
factory fall in temperature, and also by patients with a moderately severe 
degree of carditis, such as R. G., J. D., and E. V. (Figs. 1, 3, 7), in whom the 
fall in pulse-rate lagged behind the fall in temperature by a variable period. 
The bradycardia of corticotrophin and cortisone therapy is a true sinus brady- 
cardia, and electrocardiograms taken while the rate was slow have been other- 
wise completely normal. We have seen this bradycardia more frequently in 
our subsequent experience of corticotrophin treatment in the early stages of 
rheumatic fever, and have come to regard it, along with the development of a 
subnormal temperature, as additional evidence of the efficacy of dosage. 
Erythrocyte sedimentation rate. The sedimentation-rate, when raised, fell 
rapidly in comparison with the untreated controls (Fig. 8). In one patient 
(J. D., Fig. 7) it fell from 61 to 14 mm./hour in three days. We have never seen 
spontaneous improvement of this order occur so rapidly in patients in the 
chronic phase of rheumatic fever. In general we have found that the fall in 
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sedimentation rate produced by these hormones is rapid, profound, and con- 
stant. On the other hand that produced by salicylates is inconstant, variable 
in amount and time of onset, and not correlated with the blood level of salicy- 
lates. For example, when the same patient (J. D.) relapsed on cessation of 
treatment, an amount of salicylate sufficient to depress the temperature to the 
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Fic. 8. The response of the erythrocyte sedimentation rate in eight cases 
treated with corticotrophin (ACTH) and six controls. (15 mm. in one hour 
is taken as the arbitrary upper limit of normal.) 


levels which occurred with corticotrophin therapy had no effect on the sedi- 
mentation rate. 

Circulatory state. One of the first changes noted clinically was an increase in 
the peripheral circulation. Children with rheumatic fever and rheumatic carditis 
are often pale of face, and have cold hands and a small peripheral pulse. This 
condition may be strikingly reversed by corticotrophin. Thus J. L. became 
flushed on the second day of corticotrophin treatment, his radial pulse be- 
came full, and his hands and arms hot. There were similar changes in the legs. 
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No changes in the systolic, diastolic, or pulse pressures were noted, even in 
patients with cardiac failure. 

Arthritis. There was no great immediate effect on the one patient (J. D.) in 
the chronic phase of rheumatic fever who, when treatment started, had arthritis 
of the left knee characterized by pain on movement, increased warmth, and a 
moderate effusion. Pain in the affected knee disappeared after the first three 
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days; a painless effusion was detectable in the joint during all eight days of 
corticotrophin treatment, in spite of an adequate adrenal cortical response and 
fall in temperature. 

Nodules. The lowered temperature and sedimentation rate indicated that 
corticotrophin decreased the inflammatory process in rheumatic fever, but there 
was no clinical change, and little structural change, in the rheumatic nodules 
examined. Two patients (J. D. and E. S.) had symmetrical prepatellar nodules 
of the same size and age. One nodule of each pair was examined histologically 
before treatment, and the other after treatment. All that could be said on 
comparing the appearances before and after treatment was that there was a 
disappearance of eosinophils, and a scarcely discernible decrease in the ‘plump- 
ness’ of nuclei (Plate 14, Fig. 14). There were no changes in fibrinoid, connec- 
tive tissue, palisading, vascularity, or the number of lymphocytes. 

Rash. Two patients had a marginate rash at the commencement of treatment. 
W. F. had shown this rash every day for several weeks, although its extent 
was variable. Corticotrophin did not influence it appreciably, in spite of an 
adequate adrenocortical response (Fig. 9). In another patient (E. 8.) the typical 
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rash first appeared during the eight-day period before corticotrophin, dis- 
appeared after two days of treatment and, reappearing on the seventh day of 
corticotrophin, lasted a further 12 days. Thus neither corticotrophin treatment 
nor its withdrawal influenced the rash in these cases. 

Carditis. The most important question in the corticotrophin icant of 
rheumatic fever is whether this hormone affects the diseased heart. Auscula- 
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Fic. 10. A. R. Shortening of the PR interval during corticotrophin therapy (ACTH). 


tory findings in the present series have not helped; this was not unexpected, 
since all the patients had established valve lesions of some duration when 
treatment started. Children who ultimately develop valve lesions have usually 
developed significant murmurs by the time they come to hospital, and in them 
it is impossible to exclude residual damage to the valves from some previous 
and possibly unrecognized attack of rheumatic carditis. Occasionally, however, 
patients are seen very early in the course of their disease. One such child was 
treated with corticotrophin for eight days from the 13th day of the disease ; 
an aortic diastolic murmur had been heard by independent observers to de- 
velop for the first time on the ninth day of the illness, but no significant modi- 
fication of it was heard during or after hormone treatment. One year later 
this murmur was still present. The first patient to receive corticotrophin in 
this hospital (A. R.) had a prolonged PR interval (Fig. 10). At that time the 
supply of corticotrophin was so small that only 250 mg., given over five days, 
was available for her treatment; but it produced a significant eosinopenia. The 
prolongation of the PR interval had begun in the first week of the illness and 
steadily increased, so that by the sixth week it had reached 0-4 seconds or more ; 
the delayed ventricular contraction frequently fell during the subsequent atrial 
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systole, so that the atria were contracting against closed atrioventricular valves 
and producing prominent jugular venous a waves (‘cannon’ waves) in the neck. 
Frequent electrocardiograms, and even more frequent inspection of the neck 
for ‘cannon’ waves, were made for four days before, five days during, and 10 
days after corticotrophin treatment. Clinical inspection showed that ‘cannon’ 

waves were regularly present before treatment, frequently absent during treat- 
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ment, and regularly present in the 10 days after corticotrophin therapy. After 
this they were seen progressively less often, and from the third week after treat- 
ment they were not observed. Electrocardiograms showed a similar series of 
changes (Fig. 10). Low conduction times were seen in five of the 18 records 
taken at intervals through the period of therapy, whereas all the six records 
taken before and all the 11 taken after treatment showed PR prolongation, 
confirming the deductions from clinical observation. We interpret these changes 
as a possible curative effect on conduction time, since the conduction time sub- 
sequently decreased to normal during recovery. One other patient had a pro- 
longed PR interval of 0-22 seconds; this showed no significant decrease with 
apparently adequate doses of corticotrophin (R. M., Fig. 6). Cardiac failure 
was present, and may have influenced his response. Of the initial series of 
nine patients who received corticotrophin for eight days, two (B. A. and J. D., 
Fig. 11) had a consistently raised corrected QT interval (QTc more than 0-43 
seconds) for over five weeks before treatment started, and showed a fall towards 
normal levels after an initial rise during treatment. Other patients who started _ 
with normal QTc intervals showed no significant trend. None of the controls 
had a prolonged QTc. Frequent X-ray plates were taken to detect any change 
in heart size, but the ratio of the transverse cardiac diameter to the maximum 
internal chest diameter showed no significant change, except in patients who 
were developing pericarditis or recovering from a pericardial effusion. (See 
Table, page 320.) 

Pericarditis. Pericarditis was diagnosed in four patients. In one (J. L., 
Fig. 4) a pericardial rub developed during corticotrophin therapy. The cardio- 
thoracic ratio was increasing, and praecordial pain occurred at the same time. 
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He was thought to have developed pericarditis in spite of treatment. Digitalis 
effects obscured the electrocardiograms. Another unfavourable result is shown 
by apatient (R. M., Fig. 6) who had a pericardial effusion and severe praecordial 
pain before treatment; his pain was increased by treatment, and he required 
almost continuous analgesic drugs. Electrocardiograms showed no change. A 
third patient (J. D., Fig. 7) had shown mild praecordial discomfort and pain in 


Cardio-thoracic Ratios Before and After Hight Days of ACTH Treatment 


Age 4 weeks 
Patient (years) Before 8th day 16th day after 
B. A. 9 0-55 0-55 0-55 0-58 
wc; 12 0:44 0-44 0-44 0-46 
J.D. 9 0-62 0-59 0-73(P) 0:60 
W. F. ll 0-58 0-59 0-57 0-54 
R. G. 13 0-44 0-45 0-46 0-51 
J.L. 10 0-74 0-80(P) 0-95(P) Died 
E. S. 13 0-47 0-52 0-49 0-51 
E. V. ll 0-62(P ?) 0-60 0-65 0-49 
R. M. 14 0-66 0-66* 0-63 0-64 
Control cases 
D. D. 14 0-48 0-51 0-53 0-51 
Wek. 11 0:57 0:57 0-58 0-54 
A. R. 13 0-447 0:47 0-48 0-47 
J.R. 16 ie 0-50 0-49 0-49 
3: 4. 8 0-55 0-55 0-55 0-55 
“2. 6 0-59 0-63 0-62 0-63 
(P) Pericardial effusion present. 
* 6th day. + 3 months before. 


the tip of the left shoulder before treatment, associated with electrocardio- 
graphic evidence of pericarditis. During therapy the electrocardiographic 
changes became more marked, but pain disappeared, and the patient looked 
and felt much better. When treatment stopped pain recurred ; she developed 
a pericardial rub with effusion and cardiac failure. The fourth patient (E. V.) 
showed the return of a pericardial rub during treatment, at a time when the 
cardiac diameter was decreasing. Although at the same time there occurred 
an increase of body-weight, of jugular venous pressure, and of congestive signs 
at the left lung base, she felt well, and was free of pain. It was decided that she 
probably showed the ‘redux’ friction of a disappearing effusion. Her electro- 
cardiograms were normal. 
_ Cardiac failure. Only two patients (J. L. and R. M.) were in frank cardiac 
failure when treatment started. Oedema of the dependent parts and ascites 
were present in J. L. (Fig. 4), and increased slightly during treatment. The 
vital capacity in our patients showed no consistent change. It increased in one 
patient (E. V.) who was recovering from a pericardial effusion, and whose 
cardio-thoracic ratio was decreasing at the time. In another patient (J. L., 
Fig. 4) in whom the vital capacity had begun to increase before treatment, this 
increase stopped with the development of pericarditis during treatment, and 
a fall occurred on withdrawal of corticotrophin. It seemed that corticotrophin 
had no good effect, but its withdrawal coincided with marked deterioration. A 
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third patient (R. M., Fig. 6), with severe carditis, showed a decrease in vital 
capacity coincident with hormonal suppression of his fever, and an increase on 
stopping treatment; associated with the decrease was an increase in radio- 
logical changes suggesting pulmonary venous congestion (loss of translucency, 
increased vascular shadows, and small basal effusions). Additional evidence of 
the water-retaining effect of corticotrophin was provided by changes in body- 
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Fie. 12. Changes in body-weight (kg. in four-day 
periods) in seven patients treated with ACTH and 
five controls. Continuous line = mean change. 


weight. All patients gained weight during the first four days of treatment, 
and lost weight during the first four days after treatment ceased (Fig. 12). In 
one case the gain of weight was relatively large and associated with a fluid 
retention of one and a half litres (Fig. 13). Clinical oedema did not appear 
as a result of treatment in any case, although in one patient (J. L., Fig. 4), who 
showed this sign before treatment, oedema increased while he was receiving 
corticotrophin. 

Chorea. The five patients suffering from chorea alone showed no benefit 
from their short period of therapy as judged by clinical grading, by objective 
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measurements of dexterity and 24-hour body movements, and by action photo- 
graphs. They showed no worsening when treatment was withdrawn. 

Residual hormone action. There was a variable period of from three to eight 
days after treatment with corticotrophin had ceased, during which the hor- 
mone was apparently still active. The erythrocyte sedimentation rate, tempera- 
ture, and sleeping pulse-rate remained low during this ‘carry-over’ period. In . 
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Fic. 13. Water balance (ml.) and weight changes (kg.) in a patient (J. D.) 
treated with corticotrophin (ACTH) and in one control (M. T.). Black 
columns represent the difference between fluid intake and output. 


contrast, the direct eosinophil count rose to the levels seen before treatment, 
or higher, some days before there was any sign of relapse of the disease (Figs. 
2, 8). 

Relapses and ‘rebounds’ on cessation of treatment. Two patients (C.C.andE.S., 
Fig. 8) showed no relapse when treatment was withdrawn. Others showed 
every variation from a transient and symptomless rise of temperature and sedi- 
mentation rate (forexample E. V. and R. G.) to a grave but transient worsening 
of disease settling to a state much the same as before treatment (J. D.). The 
terms ‘relapse’, ‘flare’, ‘release’, ‘bounce’, and ‘rebound’ have been used in 
describing this worsening. We use ‘relapse’ in the standard sense of the return 
of a disease after its apparent cessation. By ‘rebound’ we mean no more than 
a special type of relapse, which we define as the transient worsening of the 
disease process which occurs at a variable interval after withdrawal of corti- 
cotrophin or cortisone. A rebound may last from one to ten days, and settles 
down to a steady state of illness or recovery. Thus defined it may represent 
the period of inhibition of the pituitary-adrenal system caused by exogenous 
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hormones. If this is so, any permanent amelioration that these hormones may 
effect, apart from transient suppression, cannot be appraised until this rebound 
is over. Nor should it be forgotten that the signs of a rebound are those of 
rheumatic activity. Even if transient, a rebound may still present an oppor- 
tunity for cardiac damage to occur. In the present series we found that the 
majority of cases showed a rebound which settled to a state better than that 
seen before treatment—as one would expect if symptoms were temporarily 
suppressed and released in a gradually improving disease. 

Toxic effects. The only ‘toxic’ effect, apart from changes due to fluid reten- 
tion (already discussed), was the development in one patient (E. V.) of fresh 
striae distensae on the buttocks. This effect was matched by the similar 
development of striae in another patient (A. R.) during the 24 days when she 
was receiving control injections of saline. In our experience the spontaneous 
development of striae on the buttocks is common among the convalescent 
pubescent girls, less common among boys at a similar stage of development, 
and very uncommon among children before the age of puberty. 

Deaths. In the first series of treated and control subjects there were two 
deaths. One patient (J. L.) died 12 days after the cessation of corticotrophin 
therapy. The other (M. R.), a control subject, continued to show chronic 
activity of the rheumatic process for seven weeks, and eventually died of acute 
left ventricular failure, in spite of salicylate therapy. One later death has 
occurred in association with corticotrophin therapy. This patient was a girl 
who had cyclical rheumatic fever. Previous exacerbations had temporarily 
responded to corticotrophin. A further exacerbation of fever and cardiac 
failure ushered in a terminal phase of severe failure, praecordial pain, and 
breathlessness, associated with subnormal temperature and a falling erythro- 
cyte sedimentation rate. A six weeks’ course of treatment with corticotrophin 
was started. She received 80 mg., 80 mg., 40 mg., and 30 mg. on four successive 
days, given in divided doses intramuscularly, together with potassium chloride 
(3 gm. per day) by mouth. She had already been receiving digitalis and a low 
salt diet. Mersalyl was given by injection in the hope of preventing undue 
fluid retention. Nevertheless cardiac failure, peripheral oedema, congestive 
changes in the lungs, and praecordial pain became steadily worse. On the third — 
day urine output was poor, and potassium chloride was stopped because of the 
danger of intoxication. Corticotrophin was reduced on this day, and further 
reduced on the fourth day, because of progressive fluid retention. She died on 
the fifth day. At autopsy and on subsequent histological examination the 
heart and lungs showed only those changes which we have seen in deaths from 
rheumatic fever before the era of corticotrophin. 

Follow-up. The 12 survivors of the 14 patients observed in the chronic phase 
of rheumatic fever have been followed up for periods of 16 to 20 months. In 
all but three (two treated patients and one control) the cardiac findings on 
auscultation have remained unchanged. E. V., a treated patient, lost a grade 
I (faint) apical diastolic murmur. R. G., a treated patient, lost a grade II 
(soft but clearly heard) apical diastolic murmur, and a grade IT basal diastolic 
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murmur became inconstant ; D. D.,a control patient, lost a grade III (loud) apical 
diastolic murmur. All patients showed well-marked apical systolic murmurs 
of mitral incompetence. During the acute attack all but one showed associated 
systolic expansion of the left atrium on fluoroscopy. Although the clinical 
loudness of these apical systolic murmurs did not change during the period 
of follow-up, the radiological evidence of mitral incompetence, that is to say, 
systolic expansion of the left atrium, disappeared in six of the eleven surviving 
patients who showed it, the treated patients faring no better than the controls. 

Negative resulis. The basal metabolic rate was estimated in six treated and 
four control patients, twice before, twice during, and twice after corticotrophin. 
It showed no change. Serum-histaminase, which is present in higher than nor- 
mal concentrations in pregnancy (Kapeller-Adler, 1949), was estimated before, 
during, and after treatment in four cases. No increase was found. The heparin- 
inactivating power of the blood, which is abnormal during rheumatic fever 
(Abrahams, Glynn, and Loewi, 1951), was not reversed. The antistreptolysin 
titre was not altered by corticotrophin. 


Discussion 

It is clear from this and from other reports, such as those of Barnes, Smith, 
Slocumb, Polley, and Hench (1951), Dorfman, Bergenstal, Smull, Howard, 
Senz, Oleson,.and Muller (1951), Massell and Warren (1950), and Wilson and 
Helper (1951), that corticotrophin and cortisone will usually produce rapid 
improvement in the subacute stage of rheumatic fever. Differences between 
these series are probably due to differences in the type of case selected. The 
manifestations most frequently suppressed are fever, arthritis, raised erythro- 
cyte sedimentation rate, and possibly the abnormal atrioventricular conduc- 
tion time. Those less consistently improved include pericarditis and cardiac 
failure. Nodules persist in spite of treatment, or slowly disappear. We have 
subsequently seen one patient in whom a fresh nodule first appeared during 
treatment. The recurrence of the manifestations which disappeared is a proof 
that with the dosage and term of treatment we have described a suppressive 
effect only is obtained. Only farther studies, such as those now being carried 
out here and elsewhere (Lancet, 1951), can answer the question whether any 
better effect will be obtained with more prolonged treatment, but it appears 
from present evidence unlikely. Thus the action of corticotrophin appears to 
be similar to that of salicylates, but somewhat more powerful. It is well to 
remind ourselves that it is over 75 years since salicylates were introduced in 
the treatment of rheumatic fever (Maclagan, 1876). We do not yet know how 
they work, nor has their undoubted efficacy in suppressing certain manifesta- 
tions thrown light on the aetiology of the condition. Furthermore, the whole 
aim of treatment in rheumatic fever is to prevent cardiac damage, and we have 
not yet been able to accumulate incontrovertible evidence to prove or disprove 
the view that either remedy, hormone or salicylates, affects the incidence of 
cardiac residua, decreases the mortality, or decreases the period of invalidity. 

5 This arbitrary grading has been used throughout the investigation. 
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Although a long-term study of hormone-treated patients compared with aspirin- 
treated patients is in progress, it is important to indicate the type of case that 
will most clearly give the answer we need. From our series it is clear that 
established cardiac damage is not affected by these hormones. While we do 
not know what causes the immediate and delayed deformities of the valves 
in the hearts of rheumatic children, these deformities are initiated in many cases 
during a manifest attack of rheumatic fever. The hope that corticotrophin 
and cortisone may be of use springs from the fact that they are known to 
suppress the formation of many sorts of granulation tissue, and therefore may 
suppress the granulation tissue of rheumatic fever. They do.not seem, however, 
to affect established scars. If they are to suppress the tissue changes in rheu- 
matic fever before any permanent changes leading to valve scarring have 
occurred, they must be given early, and in the first attack. There is reason 
to believe that such changes occur rapidly, probably within the first 14 days, 
and possibly even earlier (see the section on carditis, page 318). In our experi- 
ence patients in their first attack of rheumatic fever are not commonly 
observed within 14 days of the onset. Only 11 out of 52 consecutive patients 
who on admission fulfilled the strict criteria of active rheumatic fever, in a 
recent series at this hospital, were in this group; of these 11 patients only two 
were free from organic murmurs when first observed. Nevertheless it would 
be highly significant if, in a small series of such selected cases, it could be shown 
that treatment reduced the frequency of permanent changes below that found 
in a comparable but untreated control group. Until then we cannot regard 
these hormones as other than powerful and expensive suppressive agents which, 
like other powerful remedies, can also produce severe and undesirable distur- 
bances of the body’s equilibrium. 
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Summary 

This paper reports 25 studies of 23 patients. 

In the first group are 15 studies of 14 patients in the chronic phase of rheu- 
matic fever. Nine studies were made during treatment with intramuscular 
corticotrophin for eight days, and the clinical progress of the patients is com- 
pared with that observed during six studies in which the régime was similar, 
but the patients were treated only with rest in bed. Fever and a raised erythro- 
cyte sedimentation rate were suppressed during the period of hormone treat- 
ment, but recurred afterwards. In one of these patients arthritis responded to 
treatment, and did not recur. There was little or no histological change in 
nodules after eight days of hormone therapy. The specific rheumatic rash was 
unaffected. In two cases a pericardial rub developed during treatment which 
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was otherwise adequate, and in one patient there was progression of the electro- 
cardiographic changes of pericarditis, in spite of an apparently favourable 
clinical response. There were no very striking effects upon other manifestations 
of cardiac inflammation such as murmurs, the QTc interval, and heart size. 
Changes in body-weight and other findings indicated that corticotrophin caused 
some fluid retention. In two cases pre-existing cardiac failure was aggravated. 

In the second group are six patients with Sydenham’s chorea, of whom five 
received intramuscular injections of corticotrophin ; their chorea was unaffected. 

In the third group are four studies of patients treated with corticotrophin or 
cortisone, but not according to the strict régime used for the first group. They 
are cited to illustrate certain points. One of these patients, later included as 
a control case in the first group, showed an unusually prolonged PR interval, 
which shortened during treatment and lengthened after treatment was stopped. 

It is concluded that corticotrophin treatment, in the dosage and duration 
used, has a suppressive action in rheumatic fever in childhood similar to, but 
rather more powerful than, that of the salicylates. 
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FOLLICULAR LYMPHOMA? 


By G. WETHERLEY-MEIN, P. SMITH, M. R. GEAKE, anp 
H. J. ANDERSON 


(From St. Thomas’s Hospital, London) 
With Plates 15 to 22 


Tuis condition, also known as Brill-Symmers disease, giant follicular lymphoma, 
and follicular lymphoblastoma, is recognized as being one of the primary 
malignant tumours of the reticulo-endothelial system and related to lympho- 
sarcoma, Hodgkin’s disease, and reticulum-cell sarcoma. Our aims in this paper 
are twofold: first, to review the 208 previously reported cases of the disease and 
the literature relating to its pathology; secondly, to describe the clinical and 
histological features of 29 new cases in terms of natural history. 


Review of 208 Reported Cases 

Follicular lymphoma was first described as an entity by Brill, Baehr, and 
Rosenthal in 1925. A total of 208 cases have been reported, including that 
described by Becker in 1901. We have summarized the recorded features of 
each case in Table I to show the age and sex of patients, the commonest symp- 
toms, and the frequency with which various organs were involved. The survival 
time is recorded when known. The relative incidence of salient clinical features 
is shown in Table IT, and the survival time in 165 of the recorded cases is 
summarized in Table II}. From these Tables it is apparent that, clinically, 
follicular lymphoma closely resembles Hodgkin’s disease. It affects male more 
commonly than female patients, and may occur in childhood or at any period 
of adult life. Lymphadenopathy and splenomegaly are the commonest clinical 
findings, and the disease is fatal, though with a longer expectation of life than 
Hodgkin’s disease. In 1939 Mayer and Thomas suggested that the disease 
exists in two different phases. The first is relatively benign, for the patient is 
not ill. It is characterized by local or general lymph-node enlargement, with or 
without splenomegaly, and histologically by maintenance of the typical folli- 
cular pattern. The advent of the second or malignant phase is marked by such - 
symptoms as loss of weight, fever, dyspnoea, or oedema, and the patient is ill. 
Examination may reveal anaemia, ascites, pleural effusions, and signs of bone 
and visceral involvement. Histologically this phase shows evidence of complete 
or partial transition to some form of malignant lymphoma (Mayer and Thomas, 
1939). This separation into two phases is to some extent artificial, but in our 
experience there are few cases in which the distinction cannot be made. We 


1 Received October 31, 1951. 
Quarterly Journal of Medicine, New Series XXI, No. 83, July 1952. 
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consider it an important feature of the natural history of the disease, and have 
accordingly divided the cases presented in this paper into two main groups— 


TaBLeE IT 
Previously Recorded Cases: Incidence of Main Clinical Features 


Percentage 
Number of cases. 100 


female . 
Average age at onset (years) 
Extremes of age (years) . 
Enlarged glands 
Enlarged spleen 
Hydrothorax . 
Ascites 
Anaemia : 
Retroperitoneal glands 
Mediastinal glands . 
Oedema 
Liver involvement . 
Bone involvement . 
Fever . 
Exophthalmos 5 
Cutaneous involvement . 
Breast involvement 


TABLE IIT 


Survival Time in 165 Previously Recorded Cases 


Period of observation Number of 
cases Dead 


52 44 

More than 10 5 


those still in the benign phase, and those in which there is clinical and histo- 
logical evidence of malignant transition. 


Review of the Pathology of Follicular Lymphoma 

A survey of the early literature in which benign or atypical lymphomas are 
described reveals a number of cases which clinically and pathologically resemble 
follicular lymphoma. In 1899 Le Count described the gross and histological 
appearances of a large lymph-node removed from the groin of an otherwise 
healthy man. It had been present for 15 years, and macroscopically was com- 
posed of light-red tissue studded with paler millet-seed areas resembling the 
Malpighian bodies of the spleen. Microscopically there was an increase in the 
number and size of the follicles, which appeared as concentric rings of lym- 
phocytes with central collections of pale cells. The follicles surrounded blood- 
vessels, and were responsible for the macroscopic appearances. The man was 
well three years later. In 1908 Adami, discussing the pathology of simple and 
malignant growths of lymph-nodes, recognized a condition of ‘typical lym- 
phoma’, a benign growth of lymphoid tissue distinct from ‘chronic hyperplasia’, 
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Hodgkin’s disease, and lymphosarcoma. He quoted Le Count’s case as an 
example. During the next 17 years there were reports of individual cases which 
from the pathological descriptions may be identified as typical follicular lym- 
phoma, but these cases were regarded as pathological curiosities, and were too 
sporadic to attract general attention (Foix and Roemmele, 1912; Wagner and 
Hewitt, 1912; Kettle, 1920; de Jong, 1921; Hitzrot, 1923). In 1925, however, 
Brill, Baehr, and Rosenthal reported two patients whose clinical features were 
due to enlarged lymph-nodes and spleen. The description by these authors of 
the anatomical and histological features of the underlying process established 
as an entity a condition which they called ‘generalised giant lymph follicle 
hyperplasia of lymph nodes and spleen’. In both their cases there was an 
enlargement of the lymph-nodes throughout the body, the largest being about 
2 cm. in diameter. The lymph-nodes were mobile and had intact capsules, and 
on section were composed of firm, pink, moist tissue, on the cut surface of which 
it was possible with a lens to distinguish closely packed bulging follicles. In the 
spleen, which in each of their cases was grossly enlarged, the Malpighian bodies 
appeared as prominent grey nodules up to 3 mm. in diameter, scattered through 
the pulp. Microscopically the striking feature in the lymph-nodes was the 
increase in size and number of the follicles, which were packed together with 
little interfollicular tissue. The follicles themselves were pale areas resembling 
Flemming’s centres, surrounded by a rim of mature lymphoctyes, and com- 
posed of cells which they thought were lymphoblasts (Brill, Baehr, and Rosen- 
thal, 1925). 

At this stage no cases had been observed for any length of time, and the 
condition was distinguished from other diseases of lymphoid tissue only by its 
unusual histological features. Since then, however, 205 cases have been reported, 
and adequate clinical observations and histc'ogical studies have established the 
main characteristics of the condition. The morbid anatomical and histological 
appearances support the clinical evidence of a continuous and progressive 
disease. In the initial stages all reports confirm that numerical and dimensional 
hyperplasia of lymph-follicles is the essential histological feature, although there 
may be considerable variation in the arrangement and structure of the follicles. 
Gall, Morrison, and Scott (1941), in a review of 63 cases, were able to recognize 
four main histological patterns. 

Type 1: the follicles appear as homogeneous nodules of small lymphocytes, 
without germinal-centre formation or admixture of immature elements. 

Type 2: the follicles are composed predominantly of ‘stem cells’, ‘clasmato- 
cytic type’ cells with dark reniform nuclei and eosinophilic cytoplasm, and 
small numbers of lymphoblasts and mature lymphocytes. 

In these types the follicles are round or oval, surrounded by 1 rim of mature 
lymphocytes, and are either packed closely together, separated only by com- 
pressed reticulin fibres, or widely separated by broad, dense zones of mature 
lymphocytes. 

Types 3 and 4: there is a progressive change both in the general follicular 
arrangement and in the component cells. The follicles become irregular in size 
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and shape, often appearing to fuse together, and the follicular pattern may only 
be evident in reticulin-stained sections. The lymphocytes and ‘stem cells’ of 
Types 1 and 2 are replaced by cells resembling those found in reticulum-cell 
sarcoma, and occasional giant cells of the Sternberg-Reed type are described. 

Comparing the clinical features and histological types, Gall, Morrison, and 
Scott found a rough relationship between the incidence of these types and the 
duration of the disease. This relationship, as the authors suggested, indicates 
that the types represent progressive stages of a continuous process. They 
recorded the 10-year survival rate as 4 per cent. The terminal histological pat- 
tern in all but one of their cases was one of the four types of follicular lymphoma 
already described. Some of the patients died of apparently unrelated disease, 
but of the cases in which death could be directly attributed to follicular lym- 
phoma a few showed the appearances of Types 1 or 2, whereas many showed 
evidence of progressive changes to Types 3 and 4. Only one case showed transi- 
tion to lymphoblastic lymphosarcoma, and transition to other forms of malig- 
nant lymphoma was not observed. 

Symmers (1927) at first thought the condition was benign, but later reviewed 
25 of his cases and found only seven patients who had not died, or in whom the 
disease had not undergone malignant histological transformation (Symmers, 
1938). In these seven cases the duration of symptoms varied from one to eleven 
years, and the histological appearances corresponded with Types 1 and 2 of 
Gall, Morrison, and Scott. Of the remaining cases, seven showed a hyperplasia 
of cells resembling Gall and Mallory’s stem cell (Gall and Mallory, 1942), with 
follicular disintegration and transition to what Symmers described as a poly- 
morphous cell sarcoma. These cases resemble Type 4 of Gall, Morrison, and 
Scott, and might now be regarded as types of reticulum-cell sarcoma. The 
duration of the disease in these cases was much shorter than in the others, 
averaging about one year. Of the other 11 patients, seven showed Hodgkin’s 
disease associated with, or following, either follicular hyperplasia of the normal 
type or ‘polymorphous cell sarcoma’. Four developed the clinical and haemato- 
logical features of lymphatic leukaemia, but in only one case was this confirmed 
by autopsy. Similar observations were made by other authors. Baehr, Klem- 
perer, and Rosenthal (1931), reviewing the cases they had previously reported, 
confirmed the histological picture of ‘numerical and dimensional follicular 
hyperplasia’, and considered that the majority of cases developed into lympho- 
sarcoma, and that in a number of these some residual follicular structure could 
be found. Baehr later noted that in the earlier stages, when the follicular 
pattern was still typical, careful examination often revealed lymphocytic 
invasion of the capsule of the node, and he reaffirmed his opinion that the con- 
dition was a variant of lymphosarcoma (Baehr, 1932). 

The composite histological picture which may be derived from the above 
reports shows, in the early stages, a striking and progressive hyperplasia of 
lymph-follicles with varying degrees of cell differentiation, and in the later 
stages either persistence of this pattern or transition to one of the recognized 
forms of malignant lymphoma. This picture is confirmed by a number of 
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further case reports (Caldwell, 1933; Callender, 1934; Scott and Robb-Smith, 
1936 ; Cabot cases, 1935, 1937 ; Mayer and Thomas, 1939 ; Cohen and Bergstrom, 
1946; Willis, 1948). Only one such report need be discussed in detail. Ross 
(1933) described three cases of primary new growth of lymphoid tissue, the first 
probably an example of follicular lymphoma, the second characterized by a 
hyperplasia of the reticulum of the node follicles, and the third a case of 
Hodgkin’s disease. These cases were cited to illustrate Maximow’s conception 
of the potentialities of the primitive mesenchymal cell (Maximow, 1927). An 
appreciation of Maximow’s hypothesis is of particular value in a study of the 
natural history of follicular lymphoma, and it will be discussed briefly. Maxi- 
mow (1927 ; Maximow and Bloom, 1942) demonstrated, scattered throughout the 
lympoid tissue and bone-marrow and the connective tissue of the adult, small 
inconspicuous cells which retain a capacity for manifold differentiation com- 
parable with that of the embryonic mesenchymal cell. In the spleen, lymph- 
nodes, and bone-marrow these cells are found in the reticular structure of these 
organs. In the connective tissue they lie close to the blood-vessels. When 
stimulated they are capable of differentiating in the direction of either the red 
cell, the lymphocyte, the various granulocytes, the fibrocyte, the plasma cell, 
the monocyte, or the megakaryocyte. While there is much difference of opinion 
concerning the relationships and potentialities of more mature cells, most 
authorities support this conception of a primitive mesenchymal cell possessed 
of almost unlimited powers of differentiation (Downey, 1938; Custer and 
Bernhard, 1948; Willis, 1948). Such a conception has obvious significance in 
the classification of lymph-node tumours. If the view can be accepted that the 
initial phase of ‘numerical and dimensional follicular hyperplasia’ in follicular 
lymphoma represents a specific response of primitive mesenchymal cells to some 
stimulus, it would be expected that the anatomical distribution of the lesions 
would correspond with that of the primitive mesenchymal cells. Tables I and IT 
show this to be the case. . 

The histological behaviour of follicular lymphoma, like its anatomical dis- 
tribution, is explicable as an undifferentiated mesenchymal-cell reaction. 
Initially the orthodox differentiation in the direction of the mature lymphocyte, 
with formation of the typical follicular patterns, and later the transitions to the 
various tumour-types, suggest that in this condition there is exploitation of a 
number of the potentialities of this primitive cell. Whether the differentiated 
cells of the tumour arise directly from the mesenchymal cell or not is immaterial. 
‘Proliferating mesenchymal tissue . . . can produce all, or nearly all, that em- 
bryonic mesenchyme can produce’ (Willis, 1948). In this light we have studied 
the histological features of the present series of cases, and have arranged the 
cases into five main groups. 

Group I. In the first group we have included those cases in which differentia- 
tion is still orthodox, that is, there is orderly differentiation in the direction of 
the mature lymphocyte, with well defined follicle-formation. Clinically and 
histologically these patients are in the benign phase of the disease. 

The remaining groups (II-V) comprise those cases which clinically and 
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histologically are in the malignant phase. They are further divided according 
to the direction of differentiation: 

Group II. Differentiation in the direction of the lymphocyte, with eventual 
transition to lymphosarcoma. 

Group III. Differentiation in the direction of the reticulum cell, with eventual 
transition to reticulum-cell sarcoma. 

Group IV. Mixed differentiation in the direction of the reticulum cell and 
lymphocyte, with the formation of Hodgkin’s tissue. 

Group V. Mixed differentiation in the direction of the lymphocyte and reti- 
culum cell so that in the same patient, or even the same section, there is evidence 
of more than one histological pattern (lymphosarcoma, reticulum-cell sarcoma, 
or Hodgkin’s tissue). 


Report of 29 New Cases 


To minimize the confusion which frequently attends a venture into the field 
of descriptive lymph-node pathology, it is necessary to define the terms which 
we use. The classification of lymph-node tumours employed is that suggested 
by Willis (1948): (a) follicular lymphoma ; (b) lymphosarcoma, with or without 
leukaemia ; (c) Hodgkin’s disease ; (d) reticulum-cell sarcoma. In the histological 
descriptions the following terms are used: 

1, Stem cell. A cell 15 to 30 » in diameter with abundant pale-staining, ill- 
defined cytoplasm, and a pale vesicular nucleus, two or three times the size of 
a mature lymphocyte, the chromatin of which is irregular and lacks condensa- 
tion. The cells are occasionally present in normal follicles, are frequent in 
hyperplastic follicles, and are regarded as undifferentiated cells in the line of 
development from the primitive mesenchymal cell, usually giving rise to cells of 
the lymphocyte series, but probably capable of developing into reticulum cells. 

2. Reticulum cell. A cell 10 to 25 » in diameter with an oval or reniform vesi- 
cular nucleus, and abundant eosinophilic cytoplasm which often tapers off 
between the adjacent cells, so that the cell is frequently fusiform in shape and 
appears as part of a fine reticulum extending through the node. The cell is often, 
but not always, associated with the formation of reticulin and, later, collagen. 
It then becomes indistinguishable from the fibroblast. The reticulum cell is 
considered to develop either directly from the primitive mesenchymal cell or 
possibly from the stem cell. 

3. Pre-lymphocyte. This term embraces that group of cells which have 
evidently differentiated in the direction of the lymphocyte, but which have not 
yet the appearances of maturity. 

The material studied here is derived from various sources. A number of 
lymph-node biopsies, reported, in the era preceding the general recognition 
of follicular lymphoma, as showing a suggestive abnormality such as prominent 
germ-centres, were re-examined and followed up. Conversely, the available 
material from established cases of Hodgkin’s disease, lymphosarcoma, and 
reticulum-cell sarcoma, in which earlier biopsy reports had suggested a chronic 
inflammatory process, were also examined. A number of these cases would now 
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be regarded as follicular lymphoma. Sections from cases classified as follicular 
lymphoma in the hospital records were also examined and followed up. Such 
material is particularly suitable for the study of the disease, because sufficient 
time has elapsed for the disease to run its course, and in most cases repeated 
biopsy, and sometimes autopsy, material is available. In addition a number of 
recent cases, in some of which the course is still undetermined, have been observed 
by the authors or brought to their notice. In the presentation of the cases only 
positive clinical findings have been recorded. The recurring statement that the 
patient was ‘otherwise well’ indicates that there was no subjective or objective 
abnormality other than that described. To avoid repetition of histological 
detail, the general architecture of specimens has been described where possible 
in terms of the four types described by Gall, Morrison, and Scott (p. 331). 


Group I. Cases with the histological features of follicular lymphoma in which no 
transition has yet occurred (Cases 1 to 10) 
Clinical features Histological findings 
Case 1. Age 43 years. Policeman. 
8.9.49. 


’ Enlarged nodes in groin and 


axillae. Spleen enlarged. Hae- 
moglobin 110 per cent. Patient 
well. Treated with radiotherapy 
for six weeks, with almost com- 
plete resolution. 


Enlarged cervical, axillary, in- 
guinal, hilar, and paratracheal 
nodes. Haemoglobin 112 per 
cent. Patient well. Further 
radiotherapy, with resolution. 


Recurrence of general lymph- 
node enlargement. Patient well. 


Case 2. Age 45 years. Housewife. 
12.5.50. Cervical lymph-node 3 cm. in 


Case 3. Age 26 years. Male shop assistant. 


3.5.51. 


diameter present for two months. 
Apart from vague abdominal 


_ pains, which persisted after ton- 


sillitis, nephritis, andsepticaemia 
21 years previously, the patient 
was well. 


Enlarged node in right groin 
present for three months. Mass 


Lymph-node biopsy shows the 
typical appearances of follicular 
lymphoma (Gall, Type 1). There 
is lymphocytic capsular infil- 
tration (Plate 15, Fig. 1). 


Lymph-node biopsy shows the 
typical appearances of follicular 
lymphoma (Gall, Type 2). Oc- 
casional areas of reticulum-cell 
proliferation suggest that there 
may be eventual transition to 
reticulum-cell sarcoma (Plate 
15, Fig. 2). 


Biopsy of lymph-node shows 
typical follicular lymphoma 
(Gall, Type 2), with scattered 
lymphocytic infiltration of a 
thickened capsule. 


Lymph-node shows typical fol- 
licular lymphoma. There is no 
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Clinical features 
of nodes in right iliac fossa. 
Otherwise well. 


Case 4. Age 64 years. Housewife. 


1949. 


Cervical and axillary nodes en- 
larged. They resolved rapidly 
with radiotherapy. The patient 
was well. 


Onset of abdominal pain, genera- 
lized lymph-node enlargement, 
splenomegaly, and hepatome- 
galy. Haemoglobin 64 per cent. 


Histological findings 
evidence of transition. The cap- 
sule is not infiltrated (Gall, 
Type 2). 


No biopsy. 


Lymph-node shows typical fol- 
licular lymphoma, with no evi- 
dence of transition to the second 
phase (Gall, Type 2). 


Resolution of nodes after radio- 
therapy, with the exception of a 
large node in the axilla which 
was unaffected. 


Comment: Cases 1 to 4. These cases demonstrate some of the essential features 
of the benign phase. Clinically there is enlargement of one or of many lymph- 
nodes, with or without splenomegaly, in a patient who is otherwise well. Histo- 
logically the characteristic picture of orthodox but excessive follicle-formation 
is seen. In Case 1 the occasional areas of reticulum-cell hyperplasia may herald 
transition to the malignant phase. Conversely, in Case 4 the eventual develop- 
ment of anaemia and the incomplete response to radiotherapy contrast with 
the biopsy findings, which are typical of the benign phase. It is possible that in 


both these patients the disease may soon assume a more malignant form, but 
neither clinical nor histological findings justify a more precise prognosis. We 
confirm Baehr’s observation (1932) that lymphocytic capsular infiltration is a 
feature of the early stages. However, this is a change which also occurs in in- 
flammatory conditions of lymph-nodes, and it is of little prognostic or diag- 
nostic significance in follicular lymphoma. ; 


Clinical features 

Case 5. Age 41 years. Housewife. 

6.5.49. Oedema of legs and intermittent 
diarrhoea for six months. Liver 
and spleen palpable. Small para- 
umbilical tumour. Haemoglobin 
82 per cent. Plasma-albumin 
2-57 gm., -globulin 1-85 gm. 
per 100 ml. Occult blood in 
stools. Barium meal normal. 
No treatment given. 


Swelling of ankles and abdominal 
colic for two months. Laparo- 


Histological findings 


Biopsy of small bowel showed 
the whole wall infiltrated and 


tomy showed many enlarged 
mesentric nodes, with tumour- 
infiltration of an extensive seg- 


replaced by typical follicular 
lymphoma (Gall, Type 2) (Plate 
16, Fig. 3). 
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Histological findings 


Clinical features 
ment of small bowel. The patient 
received radiotherapy, and the 
symptoms resolved. 


Readmitted with intestinal ob- 
struction due to bands. No 
trace of tumour-tissue could be 
seen at operation. 


Patient well. 


337 


Case 6. Age 30 years. Male (Royal Air Force). 


1948. 


1951. 


Small swelling in the skin over 
the right shoulder. No other 
abnormality. The patient was 
well. 


This patient has not yet been 


traced. 


Case 7. Age 42 years. Male clerk. 
23.10.50. Small papillomatous tumour on 


the skin of the right side of the 
neck. Similar but flatter tumour 
on the left leg. Otherwise well. 


Biopsy shows the appearances of 
follicular lymphoma involving 
the dermis. 


Cervical tumour shows typical 
follicular lymphoma involving 
the dermis. Leg tumour a 
histiocytoma. 


No treatment given. 
Well. 


Comment: Cases 5 to 7. It is recognized that in all forms of malignant lym- 
phoma the initial manifestation of the disease may be extranodal. These cases 
illustrate such incidents in follicular lymphoma. In Cases 6 and 7 the initial 
disability was merely cosmetic, whereas in Case 5 the anatomical situation of an 
identical lesion resulted in a chain of complex disturbances related to small- 
intestinal deficiency. In this patient the radiosensitivity of this type of lym- 
phoma is well illustrated by the final laparotomy findings. Histologically 
cutaneous lesions show a less striking pattern than those in lymph-nodes. In 
Cases 6 and 7, and in patients who have developed skin lesions later in the course 
of the disease, the pattern is nevertheless unmistakable, and perivascular 
follicle-formation is usually more evident in the dermis than elsewhere. In 
spite of the minimal skin lesions it is anticipated that Cases 6 and 7 will sooner 
or later develop a more generalized disease. 


Clinical features 
Case 8. Boy aged three years. 


8.1.51. 


Histological findings 


23.9.43. 


‘Attacks of acidosis’ for two 
months. Enlarged nodes in an- 
terior and posterior triangles of 
neck and both axillae. Haemo- 
globin 78 per cent. 


11.11.43. ‘Septic urticaria’. 


Biopsy of two cervical glands 
shows typical follicular lym- 


phoma (Gall, Type 2). 
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Clinical features Histological findings 
12.9.45. Intermittent urticaria. Other- 
wise well. Few nodes palpable 
in neck and groins. 


1951. Not yet traced. 


Case 9. Boy aged two years and eight months. 
2.7.42. Generalized lymph-node _ en- Biopsy of cervical node shows 
largement for several months. typical follicular lymphoma 
Recent tonsillitis, measles, and (Gall, Type 2). 
threadworm infestation. Hae- 
moglobin 72 per cent. No treat- 
ment given. 
28.1.43. Respiratory infection. Lymph- 
nodes still enlarged. 
1950. Well. Most superficial nodes 
palpable, averaging 1 cm. in 
diameter. They had enlarged 
in association with minor ail- 
ments since 1942. No further 
biopsy was done. 


Comment: Cases 8 and 9. The outstanding features are the patients’ ages. It 
is recognized that in children there is a special tendency for the lymph-nodes to 
enlarge during unrelated infective processes, and that histologically they may 
show a degree of follicular hyperplasia which will wrongly suggest a diagnosis 
of follicular lymphoma. It is possible that such a mistake has been made in 
these cases, and that the matter will only be decided by longer observation. 
We present them to suggest the possibility that the disease may commence in 
the young, and to emphasize the histological resemblance between reactive 
hyperplasia and follicular lymphoma and the difficulty there may be in making 
a distinction. The possibility that there is no difference, and that follicular 
lymphoma is primarily an inflammatory response, has been raised by some 
writers, and will be discussed later. 


Clinical features Histological findings 
Case 10. Spinster of about 45 years. 
1949. Generalized lymph-node enlarge- Biopsy of two nodes shows typi- 
ment for 12 years. Otherwise well. cal follicular lymphoma (Gall, 
Type 1) (Plate 16, Fig. 4). 
1950. Rapid deterioration. The patient No autopsy. 
became ill and anaemic. There was 
further enlargement of lymph- 
nodes, and she shortly afterwards 
died. 

Comment: Case 10. This case should strictly be included in the later groups of 
patients, in whom transition to the malignant phase has occurred. We have 
presented it here for two reasons. First, we have no histological evidence of the 
type of change which took place, though clinically there is no doubt of its 
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malignancy. Secondly, it clearly illustrates how the benign phase may be pro- 
longed, and how suddenly the malignant change may supervene. It is of interest 
that re-examination of the 1949 biopsy gives no indication that such a change 
was imminent. 


Group II. Cases with the initial histological features of follicular lymphoma, 


showing differentiation in the direction of the mature lymphocyte, with eventual 
transition to lymphosarcoma (Cases 11 to 15) 


Clinical features 


Case 11. Age 36 years. Male clerk. 


Aug. 1948, 


Jan. 1949. 


Oct. 1949. 


Dec. 1949. 


Jan. 1950. 


Enlarged nodes in left groin. 
Well. 


Enlarged cervical, axillary, and 
inguinal nodes. Well. 


Onset of dyspnoea and leth- 
argy. Spleen palpable. 


Haemoglobin 80 per cent. 
Treated with nitrogen mus- 
tard, with little effect on the 
size of nodes and spleen. 


Very ill. Ascites. Pleural effu- 
sions. Fever and anaemia. 
Liver, spleen, and nodes en- 
larged. Radiotherapy ineffec- 
tive. Died. 


Case 12. Age 50 years. Spinster. 


1939. 


Orbital and pre-auricular swell- 
ings. The patient was well 
and was treated with radio- 
therapy. She remained well 
for 10 years. 


Pleural effusion. Fever. 


Fever, cachexia, bilateral pleu- 
ral effusions, ascites, abdominal 
mass. Died. 


Histological findings 


Lymph-node shows typical fol- 
licular lymphoma (Gall, Types 
2 and 3), with a suggestion of 
early transition to lympho- 
sarcoma. 


Further biopsy shows typical 
follicular lymphoma, with early 
transition to lymphosarcoma 
(Gall, Types 2 and 3). 


Autopsy. Anasarca. Massive 
effusions. Involvement of liver, 
spleen, and all lymph-nodes by 
tumour-tissue. 

Histology. Lymph-nodes show 
small- and large-cell lympho- 
sarcoma, with occasional resi- 
dual follicular pattern. Liver, 
spleen, pancreas, lungs, and 
parietal pleura infiltrated by 
tumour-cells, but show no fol- 
licular pattern. 


Pre-auricular lymph-node 
shows typical follicular lym- 
phoma with early transition to 
lymphosarcoma. Orbital tum- 
our is a lymphocytic mass in- 
filtrating fat and muscle, and 
having a definite follicular pat- 
tern (Plate 16, Fig. 5). 


No autopsy. 


1949. 
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Clinical features 


Case 13. Age 49 years. Business man. 


1940. 


Enlarged nodes in neck, axil- _ 


lae, and groins. Otherwise well. 


Swelling on right cheek for two 
years. During the next three 
years the enlarged nodes and 
the facial nodule resolved with 
repeated radiotherapy, but con- 
tinually recurred. The spleen 
became enlarged. There was 
no anaemia, and he was other- 
wise well. 


Pain in right shoulder with 
gross oedema of arm. Large 
tumour in scalp. He felt tired 
and ill, and clinically had evi- 
dent generalization of the tum- 
our. Haemoglobin 80 per cent. 
In spite of radiotherapy there 
was rapid deterioration, and he 
died two months after admis- 
sion. 


Histological findings 


Node biopsy reported elsewhere 
as ‘chronic lymphadenitis ’. Sec- 
tion not available. 


Biopsy of facial tumour shows 
follicular lymphoma involving 
the dermis. There is early 
transition to lymphosarcoma. 


Biopsy on admission showed 
lymphoblastic lymphosarcoma 
without follicular pattern. 

Autopsy. Tumour involvement 
of all lymph-nodes, dermis, 
liver, spleen, pericardium, myo- 
cardium, chest wall, kidneys, 
and bone-marrow. Histologi- 
cally some nodes show follicular 
lymphoma with transition to 
lymphosarcoma. The remain- 
ing tissues show lymphosar- 
coma without follicular pattern. 


Comment: Cases 11 to 13. These cases further illustrate essential features of 


the natural history. The benign phase may last for many years (Cases 12 and 
13) during which the patient may lead a fairly normal life. Alternatively the 
transition to the malignant phase may be early and sudden (Case 11). Once this 
transition has occurred, the prognosis is that of lymphosarcoma and the course 
is usually rapid. Case 12 suggests that there are exceptions to this rule. The 
autopsy findings resemble those of ordinary cases of lymphosarcoma, except 
that occasional lymph-nodes show a residual follicular pattern. In Case 12 the 
appearances of the orbital tumour again indicate that connective-tissue 
mesenchymal cells have the same capacity for reproducing a characteristic 
pattern as those in the lymph-nodes. 


Clinical features 
Case 14. Age 39 years. Housewife. 


22.8.47. Right and left inguinal nodes 
enlarged up to 3cm. Otherwise 
well. Resolution with radio- 
therapy. 


Histological findings 


Biopsy of lymph-node shows 
typical follicular lymphoma, 
with transition to lympho- 
sarcoma. Capsular infiltration. 
Extranodal follicle-formation. 
A few areas of reticulum-cell 
hyperplasia suggestive of reti- 
culum-cell sarcoma. 
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Clinical features 
Generalized lymph-node en- 
largement. Oedema of legs, 
ascites, and right pleural effu- 
sion. Much improved by radio- 
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Histological findings 
Biopsy of lymph-node shows 
lymphocytic and lymphoblastic 
lymphosarcoma. No follicular 
pattern is seen. 


therapy. 

Well. 

Well. Small nodes in neck, 
axilla, groins. Spleen just pal- 
pable. 

Pneumonia and empyema. 


Good recovery after surgical 
treatment. Discharged well. 


Case 15. Age 48 years. Male (Royal Navy). 


Nov. 1948. Single enlarged submandibular 
node. Otherwise well. The 
node remained unchanged for 
three months. It was then re- 
moved. Radiotherapy for one 
month. 


No abnormality:found. Hae- 
moglobin 100 per cent. X-ray 
of chest normal. 


He has remained free of symp- 
toms and has no abnormal 
signs. 

Comment: Cases 14 and 15. It is anticipated that both these patients will 
develop generalized fatal lymphosarcomatosis. It is not possible on clinical or 
histological grounds to say how soon this will occur. In Case 14 selection of a 
different lymph-node at the 1949 biopsy might well have shown a predominantly 
follicular pattern, and in this biphasic condition it is necessary to emphasize the 
limitations of single-node biopsy. 


Empyema wall shows chronic 
inflammatory change only. 


Biopsy shows follicular lym- 
phoma, with transition to lym- 
phosarcoma, capsular infiltra- 
tion, and involvement of 
salivary-gland tissue. There is 
extranodal follicle formation. 


Mar. 1949. 


June 1950. 


Group III. Cases with the initial histological features of follicular lymphoma with 
differentiation in the direction of the reticulum cell and eventual transition to 
reticulum-cell sarcoma (Cases 16 and 17) 


Clinical features 
Case 16. Age 40 years. Policeman. Innkeeper. 
1930. Quinsy, with enlarged cervical 
nodes which persisted after reso- 
lution of the infection. 


Cervical nodes still enlarged. 
Onset of lassitude and night 
sweats. Generalized lymph-node 
enlargement. Spleen enlarged 
to umbilicus. White blood-cells 
65,000 per c.mm. Lymphocytes 


Histological findings 


1934. Node biopsy reported as ‘chronic 
lymphadenitis’. Section not 


‘now available. 
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1934 to 
1949. 


12.12.49. 


Clinical features 


90 per cent. Radiotherapy re- 
sulted in partial resolution. Dis- 
charged feeling well, with nor- 
mal blood count. 


Well during this period. Follow- 
up examinations showed that 
the spleen and cervical nodes 
were palpable, but the blood 
counts remained normal. No 
treatment. 


Indurated rash on scalp for six 
months. Spleen and scattered 
small superficial nodes palpable. 
Otherwise well. Blood normal. 


Radiotherapy. Resolution of 
rash. Well. 


Fever. Anaemia. Pleural effu- 
sion. Spleen and all nodes pal- 
pable. Rash on chest and back. 
Radiotherapy resulted in limited 
improvement, and the patient 
returned to work. 


Age 53 years. Housewife. 


Enlarged cervical nodes for four 
months. Cough for two months. 
Axillary and mediastinal nodes 
enlarged. Left recurrent-nerve 
palsy. No anaemia. Otherwise 
well. All nodes disappeared 
after radiotherapy. 


Enlarged superficial nodes for 
two months. Spleen enlarged. 
Chest X-ray clear. Otherwise 
well. No anaemia. Radio- 
therapy, with considerable reso- 
lution of nodes and spleen. 


Histological findings 


Biopsy of scalp shows typical 
follicular lymphoma involving 
the dermis (Plate 17, Fig. 6). 


Biopsy of lymph-node shows 
typical follicular lymphoma with 
extranodal follicle formation 
(Gall, Type 2) (Plate 17, Fig. 7). 
Biopsy of lymph-node shows 
follicular lymphoma, with transi- 
tion to reticulum-cell sarcoma 
(Plate 17, Fig. 8). Biopsy of skin 
shows non-specific lymphocytic 
aggregations only. 


Lymph-node biopsy: diagnosis 
‘chronic lymphadenitis’. (See 
comments below.) 


Biopsy of three axillary nodes 
shows typical follicular lym- 
phoma, with early transition to 
reticulum-cell sarcoma (Gall, 


Type 2). 


Comment: Cases 16 and 17. The course in these patients further emphasizes 


those features of the natural history which have been previously discussed. In 
Case 16, particularly, there is a close correlation between the clinical behaviour 
and the histological findings. While the patient remained well, for nearly 15 
years, he had uncomplicated follicular lymphoma. When he became ill there 
was evidence of transition to reticulum-cell sarcoma. In Cases 13, 16, and 17, 
biopsy material was at some time reported as ‘chronic lymphadenitis’. The 
clinical findings at that time and the subsequent course indicate that it was in 
fact follicular lymphoma. However, in Case 17 re-examination of the 1948 


Case 17. 
' 


1946. 


1950. 


1948, 


Jan. 1950. 


Aug. 1950. 


_ April 1951. 


May 1951. 
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biopsy makes it necessary to emphasize the fact that in some cases the correct 
histological diagnosis can only be made in retrospect. In this and in other 
instances histological differentiation of chronic lymphadenitis, reactive hyper- 
plasia, and follicular lymphoma may be impossible. 


Group IV. Cases with the histological features of follicular lymphoma showing 


transition to Hodgkin’s tissue (Cases 18 to 22) 


Clinical features 


Case 18. Age 34 years. Housewife. 


Enlargement of right cervical 
nodes. Well. Not under ob- 
servation. 


Seen with enlarged right axil- 
lary node and persisting mass 
of right cervical nodes. Other- 
wise well. Haemoglobin 86 per 
cent. White blood-cells 25,600 
per c.mm.; polymorphs 73 per 
cent. Size of nodes reduced by 
radiotherapy. White-cell count 
returned to normal. 


Case 19. Age 61 years. Housewife. 


Onset of dysphagia and appear- 
ance of solitary, enlarged right 
cervical node. No cause for 
dysphagia found. Otherwise 
well. Blood normal. 


Right cervical node still pre- 
sent (3 cm. diameter), and re- 
cently associated with a second 
smaller node. Treated with 
radiotherapy. 


Transient appearance of axil- 
lary node. Otherwise well. 


Fever. Septic rhinitis. Dacryo- 
cystitis. Left axillary and epi- 
trochlear nodes palpable. 
Haemoglobin 64 per cent. Im- 
proved with antibiotics. 


Well, apart from chronic rhini- 
tis. No palpable nodes. Hae- 
moglobin 90 per cent. 


Histological findings 


Biopsy of two cervical nodes 
shows follicular lymphoma with 
transition to Hodgkin’s tissue 
(Plate 18, Fig.9). (Gall, Type3.) 
In parts the Hodgkin’s tissue 
tends to obscure the follicular 
pattern, but reticulin stains 
show that it is maintained 
throughout the node. 


Biopsy of both cervical nodes 
shows follicular lymphoma, 
with transition to Hodgkin’s 
tissue. The typical follicular 
pattern is clearly maintained, 
but each follicle is composed 
of Hodgkin’s tissue. These ap- 
pearances are striking and un- 
usual, and resemble those de- 
scribed by Ross (1933) (Plate 
18, Figs. 10, 11). 
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Clinical features 


Case 20. Age 21 years. Female shop assistant. 

1949. Enlargement of left cervical 
nodes. Otherwise well. 

1950. Cervical nodes still enlarged. 


No other abnormality. Haemo- 
globin 84 per cent. 


Case 21. Age 32 years. Waitress. 

1936. Enlargement of left cervical 
node which persisted for six 
years. Otherwise well. 

1942. Increase in size of cervical node 
in previous six months. Small 
nodes in left axilla and both 
groins. Haemoglobin 94 per 
cent. Radiotherapy, with par- 
tial resolution. 


1944. Well. 

1945. Haematemesis. No abnormal- 
ity found. Haemoglobin 90 per 
cent. 

1946. Well. No nodes palpable. 

1950. Well. 

Case 22. Age 32 years. Waiter. 


1938. Enlarged right cervical nodes 
, for three years. Teeth and 
tonsils septic. The nodes per- 
sisted for three months after 
tonsillectomy and dental treat- 

ment. Otherwise well. 

1950. Apart from transient and un- 
classified dermatitis in 1946, 
the patient is well. Cervical 
nodes remain enlarged. 


Histological findings 


Biopsy of cervical node shows 
follicular lymphoma, with tran- 
sition to Hodgkin’s tissue. 


Biopsy of cervical node shows 
early transition of follicular 
lymphoma to Hodgkin’s tissue. 


Biopsy of cervical node shows 
follicular lymphoma, with tran- 
sition to Hodgkin’s tissue. 


Comment: Cases 18 to 22. Although the course in these patients resembles 
that described in the previous cases, none can be said to be in the clinically 
malignant phase, in spite of the histological evidence. In Case 22, particularly, 
the course has been mild and protracted and, though biopsy is unjustified, we 
consider it likely that differentiation has been principally through the reticulum 
cell to the fibroblast, with production of the fibrotic type of Hodgkin’s tissue. 


Group V. Cases of follicular lymphoma showing mixed differentiation, with even- 
tual transition to some combination of lymphosarcoma, reticulum-cell sarcoma, 


and Hodgkin’s tissue (Cases 23 to 29) 
Clinical features 
Case 23. Age 59 years. Male clerk. 


1.4.46. Daily attacks of epigastric pain 
for three months. Palpable 


Histological findings 


Biopsy of mesenteric node 
shows typical follicular lym- 


14.3.50. 


1946. 


April 1949. 


Oct. 1949. 


Case ?4. Man aged 66 years. Physician. 


Clinical features 
mass in epigastrium. Haemo- 
globin 108 per cent. Otherwise 
well. Laparotomy showed a 
mass of retroperitoneal lymph- 
nodes. The mass resolved with 
radiotherapy. 


Enlargement of a solitary cer- 
vical node. 


Admitted comatose and mori- 
bund. Sciatica for previous 
month. Generalized lymph- 
node enlargement. Cachexia. 
Died. 


Boils of neck and axillae, with 
enlargement of a cervical node. 
Previous history of facial lupus 
vulgaris and an excised rodent 
ulcer. Otherwise well until 
1949. 


Traumatic fractures of femur, 
ribs, and clavicle. While under 
treatment backache developed, 
and a collapsed vertebra was 
shown by X-ray. During the 
ensuing months !'ymph-nodes 
became enlarged and an ab- 
dominal mass became palpable. 


After a slow deterioration the 
patient died. 
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Histological findings 
phoma (Plate 19, Fig. 12), with 
capsular infiltration and extra- 
nodal follicles (Gall, Type 1). 


Biopsy shows typical follicular 
lymphoma, differing from the 
previous material only in an 
increased irregularity of folli- 
cular pattern. 


Autopsy. Involvement of all 
lymph-nodes, right lung, and 
stomach by  tumour-tissue. 
Other organs not involved. 
Sections of the various tumours 
show a predominantly reticu- 
-lum-cell sarcomatous pattern, 
with some areas of lympho- 
sarcoma (Plate 19, Figs. 13, 14). 
A residual follicular pattern is 
occasionally apparent. 


Biopsy of cervical node shows 
typical follicular lymphoma 
(Gall, Type 2) (Plate 20, Fig. 


15). There is capsular and 
extranodal lymphocytic infil- 
tration, and striking areas of 
reticulum-cell hyperplasia are 
evident. 


A limited autopsy was _ per- 
formed; sections of various 
tumour-masses show in some 
areas lymphocytic lymphosar- 
coma, and in others reticulum- 
cell sarcoma (Plate 20, Figs. 16, 
17). Occasionally the follicular 
pattern is partly maintained. 
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Case 25. Man aged 63 years. Lorry driver. 


1902. 


Case 26. Man aged 41 years. Civil servant. 


1938. 


Clinical features 


Lymph-node removed from 
groin. No details are available, 
but in 1945 the patient stated 
that there had been inter- 
mittent lymph-node enlarge- 
ment all his life. 


Lymph-node removed from up- 
per arm. No clinical details 
are known save that the patient 
was otherwise well. 


Pain and _ swelling of left 
shoulder. Gross generalized 
lymph-node enlargement. En- 
larged nodular liver. Gross 
swelling of shoulder, with X- 
ray evidence of bone destruc- 
tion. Haemoglobin 98 per cent. 
Wassermann reaction 


Despite radiotherapy there was 
steady deterioration and death. 


Enlargement of superficial 
nodes. Palpable spleen. Hae- 
moglobin 70 per cent. White 
blood-cells 66,000 per c.mm. 
Lymphocytes 92 per cent. Par- 
tial resolution of nodes with 


arsenic and radiotherapy. 


Enlargement of axillary node. 
Otherwise well. Radiotherapy. 


Cervical node enlargement for 
one year. Oedema of one leg 
for one week. Generalized 
lymph-nodeenlargement. Hae- 
moglobin 94 per cent. White- 
cell count normal. Radio- 
therapy, with partial resolution. 


Severe rectal pain and consti- 
pation. Very weak and ill. 


Haemoglobin 30 per cent. 


White-cell count normal. 


Histological findings 


Section not available. 


Biopsy shows typical follicular 
lymphoma, with transition to 
Hodgkin’s tissue. 


Biopsy of lymph-node shows 
follicular lymphoma, with tran- 
sition in some areas to lympho- 
sarcoma and in others to 
reticulum-cell sarcoma. 


Autopsy. Widespread distribu- 
tion of tumour-tissue. The liver 
and scapula showed reticulum- 
cell sarcoma, the periadrenal 
tissue showed lymphosarcoma, 
and some lymph-nodes showed 
both lymphosarcoma and reti- 
culum-cell sarcoma. 


No biopsy. 


Biopsy shows typical follicular 
lymphoma (Gall, Type 2). 


Lymph-node biopsy shows in- 
crease in size and number of 
follicles. Without previous 
knowledge of the case this ap- 
pearance could not be con- 
fidently distinguished from 
reactive hyperplasia. 


Autopsy. Tumour deposits in 
lymph-nodes, heart, kidney, 
pancreas, gut, mesentery, 
omentum, and testis. Sections 


1946. 


1947. 


1937. 


1938. 


Clinical features 
Generalized lymph-node en- 
largement. Died. 


Case 27. Man aged 29 years. Clerk. 


Generalized lymph-node en- 
largement. Hepatomegaly and 
ascites for six weeks. No other 
abnormality. Partial resolu- 
tion with radiotherapy. 


Readmitted several times for 
tapping of ascites and nitrogen- 
mustard therapy. Slow deterio- 
ration and death. 


Case 28. Man aged 64 years. Clerk. 


Epigastric pain and indigestion 
for seven months. Otherwise 
well. Firm mass, 5 cm. in 
diameter, in right iliac fossa. 
Laparotomy and removal. 


Admitted elsewhere with 
generalized lymph-node en- 
largement. Died not long after 
discharge. No clinical details 
available. 


Case 29. Man aged 29 years. Labourer. 
Jan. 1951. Investigated because of inter- 


mittent abdominal colic of six 
years’ duration. The only ab- 
normality found was a few 
enlarged nodes in each axilla. 
White blood-cells 23,000 per 
c.mm. Polymorphs 89 per cent. 
Treated with radiotherapy. 


May 1951. Well. No abnormality found. 


Comment: Cases 23-29. These cases further emphasize the biphasic nature of 
the disease. In addition the histological findings illustrate the variable poten- 
tialities of follicular lymphoma, and support the thesis that this, and indeed 
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Histological findings 
of intestine and stomach show 
reticulum-cell sarcoma, but 
other sites show lymphosar- 
coma. 


Biopsy of lymph-node shows 
typical follicular lymphoma 
(Gall, Type 1), with capsular 
infiltration and extranodal fol- 
licle-formation. 


Autopsy. Chylous pleural effu- 
sions. Tumour deposits in all 
lymph-nodes, liver, spleen, 
lung, and pancreas. Sections 
of nodes, liver, and spleen show 
lymphosarcoma with varying 
degrees of collagen formation. 
Sections of liver show reticu- 
lum-cell sarcoma, with evident 
differentiation of reticulum 
cells to fibroblasts and fibro- 


cytes. 


Section shows typical follicular 
lymphoma in a lymph-node. 
There is some capsular infiltra- 
tion (Gall, Type 2) (Plate 22, 
Fig. 21). 


Biopsy of lymph-node shows 
partial persistence of follicular 
pattern. Elsewhere it is re- 
placed partly by lymphosar- 
coma, partly by reticulum-cell 
sarcoma, and partly by Hodg- 
kin’s tissue (Plate 21, Figs. 18, 
19, 20). 


Biopsy of lymph-node shows 
typical follicular lymphoma, 
with transition in some areas to 
lymphosarcoma and in others 
to reticulum-cell sarcoma. 
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other forms of malignant lymphoma, are most simply regarded as intimately 
related expressions of a single malignant mesenchymal process. 


Discussion 

Aetiology. It is evident that at a certain stage in its course, if not from the 
outset, this disease is frankly neoplastic. A discussion of the aetiology of primary 
lymph-node neoplasms is outside the scope of the present paper, but there are 
certain features of follicular lymphoma which justify a discussion of its possible 
relationship to inflammatory processes. First, the histological appearances in 
the early phase may closely resemble those of reactive hyperplasia, and indeed 
distinction is at times impossible. This is illustrated in Plate 22, Fig. 22, which 
shows the appearances of a lymph-node removed from the drainage area of 
a carcinoma. Secondly, in cases in which a diagnosis of follicular lymphoma is 
established beyond doubt, it is not uncommon for the initial lymphadenopathy 
to be associated with some local or general inflammatory process. Thirdly, the 
occasional prolongation of the early phase for many years, with a fluctuating 
or intermittent lymphadenopathy, suggests that initially this may be an in- 
flammatory process in which, as Scott and Robb-Smith (1936) remarked, the 
lymphoid tissue is ‘goaded into neoplasia’ by a prolonged or recurrent stimulus 
of the type producing reactive hyperplasia. The evidence in support of this 
hypothesis is of course inadequate, and will remain so until a very large number 
of cases have been fully investigated. 
_ Histogenesis. In the description and discussion of the patients presented in 
this paper sufficient emphasis has already been placed on the significance of the 
potentialities of the primitive mesenchymal cell in the histogenesis of follicular 
lymphoma, and on the varied tumours that may arise during its natural course. 
The behaviour of follicular lymphoma is interesting becausé the condition is 
more common than is generally supposed, and because it throws considerable 
light on the nature and relationship of lymph-node tumours as a whole. Although 
considerable histological variation may be observed in lymphosarcoma, reti- 
culum-cell sarcoma, and Hodgkin’s disease, it is particularly in follicular 
lymphoma, with its frequently long and variable course, that there are found 
most of the combinations of tumour-type which might be theoretically antici- 
pated in terms of the multipotential mesenchymal cell. In Case 28, for example, 
the eventual coincidence of lymphosarcoma, reticulum-cell sarcoma, and 
Hodgkin’s tissue illustrates the close genetic relationship of these groups of 
tumours. This unifying conception may be logically extended to embrace the 
leukaemias, di Guiglielmo’s disease, and possibly the curiously related group 
comprising myelofibrosis, megakaryocytic hyperplasia, and polycythaemia vera, 
and certainly many of the atypical lymphomas which defy orthodox classifica- 
tion. Custer and Bernhard (1948), Willis (1948), and other authors have put 
forward similar views on this subject. They are further emphasized here 
because it seems that greater understanding of these complex tumours can be 
achieved by a consideration of fundamental processes than by complex classi- 
fication of the individual tumour-types. 
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Course. The clinical and histological reviews of the present series of cases, 
and of those described in the literature, will have served to demonstrate the 
essential sequence of events in this condition. In spite of the variation between 
individual cases, it is evident that there is a common pattern of behaviour. The 
initial benign phase may last a few months or many years, and there is at present 
nothing to explain this variation or to indicate what determines the transition 
to the malignant phase which, we believe, inevitably follows. Once transition 
to the malignant phase has occurred, the course is that of the type of lymphoma 
which then predominates. It is of interest that the degree of histological varia- 
tion in this phase is greater than in any other malignant lymphoma, a fact which 
establishes the close relationship between all such tumours, and encourages the 
assumption that there is but one mesenchymal-cell tumour of which they are 
variants. 

Diagnosis. Clinically it may be impossible to distinguish follicular lymphoma 
from other related conditions. But with a history of prolonged and often inter- 
mittent enlargement of lymph-nodes, particularly if general, in an otherwise 
healthy patient, the diagnosis may be reasonably suggested. The absence of 
anaemia, fever, and serous effusions may give added support to such a diagnosis, 
while their onset will usually indicate that a transition to a malignant lymphoma 
has occurred. Histologically the diagnosis may be evident at the first glance, 
for the appearances of the lymph-node crammed with enlarged closely packed 
follicles are unmistakable. Similar appearances in extranodal tissues are equally 
convincing, but in a number of cases the findings will be less clear-cut; the 
follicles, though considerably enlarged, may not be so numerous, and may be 
widely separated by apparently normal lymphoid tissue ; other variations from 
the characteristic pattern may occur, and though the suspicion of follicular 
lymphoma may be raised there is, and should be, a natural hesitation to make 
the diagnosis. In such cases, particularly if the clinical evidence is suggestive, 
it seems reasonable to eschew the term ‘reactive hyperplasia’, to report the 
appearances, and to indicate the possibilities. Some authors lay stress on the 
presence or absence of intrafollicular reticulin fibrils, on the incidence of mitotic 
figures, and on capsular infiltration. In our experience these features have 
proved of little differential value, and in doubtful cases it may only be possible 
to establish the diagnosis in retrospect. Reticulin stains are worth using, though 
they usually do no more than confirm the presence of a pattern already evident 
in haematoxylin-eosin stained sections. Histologically the transition stages are 
readily apparent. when the clinical change has occurred, but in the uncompli- 
cated early phase there seem to be no reliable criteria for determining the im- 
minence of transition, though occasionally a striking proliferation of, for example, 
reticulum cells may indicate the direction in which ultimate differentiation will 
occur. 

Treatment. Follicular lymphoma is a fatal disease. It is impossible in any 
particular case to forecast accurately the expectation of life, and this makes the 
assessment of any treatment difficult. In the benign phase follicular lymphoma 
is extremely radiosensitive, and the tumours frequently appear to resolve 
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completely with radiotherapy. This encourages the patient if the tumours are 
visible or palpable, and usually alleviates or removes any symptoms which are 
produced mechanically. There is no evidence that radiotherapy accelerates or 
precipitates transition to the malignant phase, but it cannot be proved that it 
prolongs life, except in cases in which it corrects an otherwise fatal defect pro- 
duced by a tumour-mass. In the malignant phase the response to radiotherapy 
varies with the type of tumour which is developing, and in most cases a sudden 
or gradual decrease in sensitivity becomes apparent when transition to this 
phase occurs. Excision of an isolated tumour is often a practical proposition 
as well as a diagnostic necessity, and we consider that in such cases radical 
removal is justified in spite of the systemic nature of the disease. 


We should like to thank all those members of the staff of St. Thomas’s 
Hospital who have allowed us to use case records of their patients for this study. 
We are indebted to Professor R. A. Willis, who lent us the autopsy material 
from Case 11, to Dr. R. G. Waller, who lent us the 1939 biopsy material from 
Case 26, and to Mr. A. E. Clark, who took the photomicrographs. The expenses 
of this investigation were provided partly from the Endowment Funds of St. 
Thomas’s Hospital. 


Summary 

1. The clinical and pathological features of the 208 previously reported cases 
of follicular lymphoma are reviewed. 

2. Twenty-nine new cases are presented. 

3. The study of these cases demonstrates a significant correlation between 
clinical behaviour and histological findings, and illustrates certain characteristic 
aspects of the natural history of follicular lymphoma. 

4, The aetiology, histogenesis, course, diagnosis, and trontanent of the 
disease are discussed. 

5. The variety of histological processes which may be observed in the 
course of this disease emphasizes the close genetic relationship of the group of 
primary malignant tumours which most commonly affect the lymph-nodes, 
spleen, and bone-marrow. 
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Fic. 1. Case 1. 1949 lymph-node biopsy, to show follicular pattern 
(haematoxylin and eosin, x 35) 


Fic. 2. Case 1. 1951 lymph-node biopsy, to show area of reticulum-cell 
proliferation (haematoxylin and eosin, x 400) 
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lymphosarcoma (haematoxylin and eosin, x 200) 


Fic. 14. Case 23. 1950 autopsy, showing area of 


Fic. 13. Case 23. 1950 autopsy, showing area of reti 
culum-cell sarcoma (haematoxylin and eosin, x 400) 


Fic. 12. Case 23. 1946 lymph-node biopsy, showing 
follicular pattern (haematoxylin and eosin, x 35) 
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Fic. 21. Case 28. 1937 lymph-node biopsy, showing ‘follicular pattern 
(haematoxylin and eosin, x 35) 


Fic. 22. Reactive hyperplasia. Section of a lymph-node draining the 

colon. The other part of the same node contained a large secondary 

deposit of columnar-cell carcinoma. The appearances do not in them- 

selves permit ready differentiation from follicular lymphoma (haema- 
toxylin and eosin, x 35) 


Vol. XXT, New Series, Pl. 22 

: 


616.24-018.98-006.46 


LYMPHANGITIS CARCINOMATOSA OF THE LUNGS! 


By JAMES T. HAROLD 
(From the Brompton Hospital, London) 


With Plates 23 to 26 


THE term lymphangitis carcinomatosa of the lungs was introduced by-Troisier 
(1873) to describe widespread neoplastic metastases throughout the lymphatics 
of both lungs. This condition differs from the commoner varieties of pulmonary 
metastases in that it causes severe symptoms and is the direct cause of death 
in most cases. References to the condition are few, and consist mainly of 
isolated case histories with occasional summaries of those previously reported. 
The present paper reviews the literature and describes 24 new cases, all but 
two of which occurred within four years. 


Material and Incidence 


The present series consists of 11 cases observed at the Brompton Hospital 
and 13 at Saint Bartholomew’s Hospital, all confirmed by examination of 
clinical case-notes, radiographs, autopsy reports, and histological slides. Of the 
11 cases observed at the Brompton Hospital, nine occurred during four years 
between 1947 and 1950; the 13 cases from Saint Bartholomew’s Hospital — 
occurred among 836 consecutive autopsies performed between 1946 and 1949, 
among which were 170 cases of malignant disease. These figures indicate that 
the condition occurs more frequently than previous authors have suggested, or 
than appears from the reports of only 154 cases in the medical literature 
between 1840 and 1950. The condition is likely to be overlooked unless a 
detailed post-mortem examination is carried out, and it seems probable that 
many more instances could be detected if a higher proportion of patients who 
die of malignant disease came to autopsy. 


Pathology 


The post-mortem changes seen in the present series were similar to those first 
described in detail by Troisier (1873). On naked-eye inspection the pleural 
surface frequently showed a branching network of fine white lines caused by 
neoplastic cells in the subpleural lymphatics, best seen at the lung bases 
(Plate 23, Fig. 1). On section the lungs were firmer than normal, and the cut 
surface revealed whitish streaks radiating from the hila towards the pleurae, 
with interlobar and peribronchial fibrous thickening and occasional small 
nodules. Microscopic examination showed that these changes were caused by 
distension of the peribronchial and perivascular lymphatics by tumour cells, 

1 Received October 20, 1951. 
Quarterly Journal of Medicine, New Series XXI, No. 83, July 1952. 
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with secondary fibrosis (Plate 23, Fig. 2; Plate 24, Fig. 3). Intravascular 
tumour emboli and endarteritis obliterans of the smaller branches of the pul- 
monary arteries were occasionally seen. The hilar glands were often enlarged 


TABLE 


Summarized Features of 24 New Cases of Lymphangitis Carcinomatosa 


Case 
number 


21 


22 


23 
24 


Sex 


= 


F 
M 
F 
M 
M 
M 
F 
M 
M 
F 
M 
M 


Age 
(years) 


24 
31 
39 
47 


31 
43 


Site of 
neoplasm 

Bronchus 
Bronchus 
Bronchus 
Bronchus 
Bronchus 
Bronchus 
Bronchus 
Bronchus 
Bronchus 
Bronchus 
Stomach 
Stomach 


Stomach 


Stomach 
Pancreas 
Pancreas 
Pancreas 
Pancreas 


Breast 
Breast 
Prostate 
Rectum 


Mediastinum 
Kidney 


Histology 
Adeno- 
carcinoma 
Adeno- 
carcinoma 
Adeno- 
carcinoma 
Adeno- 
carcinoma 
Adeno- 
carcinoma 
Squamous 
carcinoma 
Adeno- 
carcinoma 
Adeno- 
carcinoma 
Colloidal-cell 
carcinoma 
Adeno- 
carcinoma 
Adeno- 
carcinoma 
Schirrous 
carcinoma 
Spheroidal- 
cell carci- 
noma 
Colloidal-cell 
carcinoma 
Adeno- 
carcinoma 
Adeno- 
carcinoma 
Adeno- 
carcinoma 
Adeno- 
carcinoma 
Spheroidal- 
cell carci- 
noma 
Spheroidal- 
cell carci- 
noma 
Spheroidal- 
cell carci- 
noma 
Adeno- 
carcinoma 
Teratoma 
Squamous 
carcinoma 


Present 
Present 


Absent 


12 


12 


appearances 
String-network 


Consolidation 
String-network 


Pleural 
effusion 

Pleural 
effusion 

Atelectasis 


Pleural 
effusion 
Miliary 
mottling 
Pleural 
effusion 
String-network 
Miliary 
mottling 
Miliary 
mottling 
String-network 


String-network 
String-network 
Normal 
Pleural 
effusion 
Miliary 
mottling 
String-network 


String-network 


Pleural 
effusion 

Consolidation 

String-network 


mottling 


and infiltrated by tumour cells. In some cases (Plate 25, Fig. 4) tumour cells 
in the pulmonary lymphatics overflowed into the surrounding tissues, giving 


rise to pleural effusions and areas of collapse and consolidation. 


Symptoms Dyspnoea; 
of extra- duration 
: thoracic before 
| | primary death Radiological 

growth (weeks) 
2 8 
4 12 
: 5 47 8 

54 12 
7 56 8 

8 64 12 

9 64 8 
10 69 12 
11 36 Absent 8 
‘12 44 Absent 12 
| 13 4 12 
: 14 60 Present 12 
15 51 Present 12 
16 51 Present 8 
17 56 Present 8 
18 68 Present 8 

19 64 4 9 

20 F 68 12 
= M 68 4 
= M 64 

F 
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The sites and morphology of the primary tumours in the present series are 
shown in Table I. Ten cases were secondary to bronchial tumours, and only 
four were secondary to tumours of the stomach. This proportion differs from 
that reported by Wu (1936) and Morgan (1949), who concluded that more than 
three-quarters of such.cases were secondary to primary tumours of the stomach ; 
but the preponderance of primary bronchial tumours in the present series may 


IT 
The Site of the Primary Neoplasm in 178 Cases of Lymphangitis Carcinomatosa 


Other sites 


Poppi (1935) Unstated 
Colon 
Uterus 
Ovary 

Wu (1936) Uterus 
Gall-bladder 
Colon 

Jarcho (1936) Unstated 

Unidentified 

Colon 


Gaines (1935) 
Krygier and Brill 
(1942) 
Mendeloff (1945) 
Mueller and Sniffen 3 Uterus 
(1945) Tongue 
Melanoma of arm 
Schattenberg and 
Ryan (1941) 
Lambie and Collier 
(1946) 
Terrell (1947) 
Morgan (1949) 
Lister (1949) a 
Minor (1950) Sarcomata 
Oesophagus 
Tonsil 
Harold (1952) 10 Mediastinum 
Kidney 
Rectum 
Total 178 95 23 17 10 26 


result from the method of selection. In Table II are shown the sites of the 
primary tumours in 154 cases of lymphangitis carcinomatosa reported in the 
medical literature between 1840 and 1950 together with the present series. 
The Table suggests that approximately one-half of the cases are secondary to 
tumours of the stomach, the five commonest sites being stomach, breast, 
bronchus, pancreas, and prostate. Primary tumours of 15 other sites have 
been reported, including tonsil, oesophagus, testis, and mediastinal lympho- 
sarcoma (Minor, 1950), tongue (Ewing, 1928), liver (Moon, 1929), kidney (Levai, 
1927; Harold, 1952), uterus (Costedoat and Codvelle, 1932), ovary (Moretti, 
1933), melanoma of arm (Mueller and Sniffen, 1945), skin (Blum, 1924), rectum 
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and mediastinal teratoma (Harold, 1952), colon (Klemperer, 1936), and aberrant 
pancreatic tissue (Mendeloff, 1945). Identification of the site of the primary 
tumour is often a matter of great difficulty, and demands a laborious micro- 
scopic examination. This examination is of particular importance in tumours 
of the stomach and bronchus. Cases of lymphangitis carcinomatosa caused by 
infiltrating new growths of the stomach, which were not apparent to the naked 
eye, have been described by Terplan and Vaughan (1934) and Stebbins and 
Carns (1935). The existence of minute bronchogenic carcinomata which meta- 
stasize widely is well recognized (Willis, 1948), and cases of widespread 
metastases from a carcinoma of the bronchus, which was not visible macro- 
scopically, have been reported by Turner and Willis (1938), Stewart and Allison 
(1943), and others. In some cases in the present series no tumour was visible 
on careful naked-eye examination, and the diagnosis of bronchogenic carcinoma 
rested on the predominance of changes in one lobe and its efferent lymph-nodes, 
and on the absence of a primary tumour or of enlarged lymph-nodes elsewhere. 
It is possible that some instances previously reported as secondary to undetected 
primary tumours (Stillman, 1931; Krygier and Brill, 1942) may have been 
secondary to small bronchial tumours. 


Clinical Features 


In the present series there were 15 male and nine female patients, and the 
age at death ranged from 24 to 69 years, only four cases occurring below the age 
of 40 years. In the series analysed by Wu (1936) 18 out of 49 patients were 


less than 40 years old. The youngest patient so far reported was 15 (Berger, 
1879) and the oldest 77 years of age (Wu, 1936). The outstanding symptom in 
every case of the present series was severe increasing breathlessness. At the 
onset it was sometimes paroxysmal and mistaken for asthma, but was always 
unrelieved by adequate treatment with antispasmodics. Invariably there was 
a characteristic increase in the breathlessness until the patient became dis- 
tressed on the least exertion. The possibility of lymphangitis carcinomatosa 
should always be considered in older patients who have severe and increasing 
breathiessness for which no other cause can be found, and for which treatment 
is of no avail. Occasionally this characteristic symptom was masked by extra- 
pulmonary manifestations, but this was uncommon. The frequency with which 
primary tumours remain silent throughout life was emphasized by Schattenberg 
and Ryan (1941), Morgan (1949), Lister (1949), and others, but in the present 
series there were 13 cases caused by primary tumours outside the chest, and 
only three remained silent during life. Other symptoms of which patients com- 
plained included cough, scanty sputum, pain in the chest, and haemoptysis. 
Haemoptysis occurred in five out of ten cases secondary to bronchial tumours, 
but it was not ncticed in any of the 13 cases secondary to extrathoracic tumours. 
In Case 1 the presenting symptom was axillary thrombosis, and dyspnoea did 
not develop until six weeks later. In Case 20 the symptoms of subacute cor 
pulmonale developed terminally. Severe anaemia and breathlessness were the 
presenting symptoms in Case 5, and Jarcho (1936) drew attention to the asso- 
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ciation of lymphangitis carcinomatosa and leuco-erythroblastic anaemia in 
diffusely infiltrating carcinomatosis. 

Widespread pulmonary metastases may cause no abnormal physical signs in 
the chest, but expiratory wheezing and pleural friction were occasionally heard, 
and signs of consolidation and of pleural effusion were present in some cases 
in the terminal stages. 

Radiographic Appearances 

Radiographs of all the patients were available, and the appearance of the 
lungs in the first abnormal radiograph is shown in Table I. In nine out of 24 
cases there was evidence of a string-network similar to that described by Lorenz 
(1921) (Plate 26, Fig. 5); five showed fine miliary mottling, nine showed 
secondary changes including pleural effusion, consolidation, or collapse, and 
one showed normal lung fields persisting until death. Normal appearances may 
be due to technical difficulties, and in sick patients slight differences in exposure 
on portable machines frequently results in failure to reveal the characteristic 
features. Furthermore, changes that are easily seen at autopsy may be impos- 
sible to demonstrate radiographically, even if several radiographs are taken 
shortly before death. Thus grossly dyspnoeic patients may have a normal 
radiograph ; the converse is exceptional, although Case 1 showed suggestive 
radiographic changes six weeks before the onset of severe dyspnoea. The 
demonstration of the typical network of fine string-like shadows, distinct from 
the vascular markings and stretching from the hila to the periphery of all lung 
zones, is the only certain method of diagnosing lymphangitis carcinomatosa 
during life. 

Treatment 

Once the characteristic breathlessness begins, death follows within a few 
months in most cases. The relentless increase of this symptom in spite of treat- 
ment is characteristic of the condition. Symptomatic treatment brings little 
relief to these patients, and the diffuse nature of the metastases makes them 
unsuitable for deep X-ray therapy. Recently attempts have been made to treat 
the condition by radioactive gold of sufficient particulate size to become 
arrested in the smaller pulmonary arterioles, but this method of treatment 
remains in the experimental stage. 


Discussion 

Although the clinical and radiological features of this condition are now 
better understood, knowledge of its pathogenesis has advanced little during the 
past 100 years, and the cause of the dyspnoea and the route by which the 
tumour cells reach the lungs remain in doubt. The possibility that a specific 
tumour caused the condition was soon excluded when cases were reported 
secondary to tumours at many different sites. The morphology of the various. 
primary tumours was reviewed by Wu (1936), who analysed the histological 
features of 26 adequately reported cases, and concluded that there was no 
correlation between the histological features of the primary tumour and the 
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development of lymphangitis carcinomatosa. Among 10 bronchogenic neo- 
plasms in the present series there were eight adenocarcinomata. This propor- 
tion is higher than that occurring in unselected autopsies of bronchogenic 
neoplasms. Thus Bryson and Spencer (1951) found only 20 adenocarcinomata 
(4 per cent.) among 810 bronchogenic carcinomata examined at unselected 
autopsies. The present series suggests that lymphangitis carcinomatosa is found 
more frequently with adenocarcinomata than with the commoner squamous 
and oat-celled bronchogenic carcinomata. 

In discussing the different paths by which the tumour cells may reach the 
lungs, their precise distribution must be considered. In the earliest reported 
cases the distribution was described as being predominantly lymphatic, vascular 
lesions attracting little attention. Reviewing alternative paths of dissemina- 
tion, Troisier (1874) concluded that the spread was by lymphatics to the hilar 
glands, and then retrograde towards the pleurae. This view subsequently 
gained wide acceptance (Girode, 1889; von Meyenburg, 1919; Costedoat, 1933; 
Schwarzmann, 1934; Wu, 1936), and was supported by the frequent finding of 
extensive infiltration of pulmonary lymphatics and hilar glands, and of lymph- 
nodes adjacent to the primary tumours. The diffuse pulmonary fibrosis which 
accompanied the lung changes was believed to be the cause of the dyspnoea, 
by making rigid the whole bronchial tree. To explain every case on the basis 
of lymphatic dissemination is difficult, and some degree of haematogenous dis- 
semination seems necessary to explain cases in which widespread secondary 
deposits in skin, brain, adrenals, or bone-marrow are added. The existence of 
vascular changes at autopsy was later reported with increasing frequency and, 
in addition to widespread endarteritis obliterans, many cases have shown 
extensive intravascular tumour emboli, which strongly suggest haematogenous 
dissemination. Intravascular tumour emboli were first reported by Schmidt 
(1903), who concluded that tumour cells spread to the lungs by haematogenous 
dissemination, entering the blood-stream either at the site of the primary 
tumour or via the thoracic duct and subclavian vein. Morgan (1949) reviewed 
the incidence of widespread vascular changes, and estimated that they had 
occurred in approximately half of the fully reported cases. In his patient 
Morgan showed that, in addition to widespread intravascular and perivascular 
carcinosis, there was complete occlusion of all arterioles of less than 0-4 mm. 
diameter, and partial occlusion of those between 0-4 and 0-8 mm. diameter. 
He believed that tumour cells had spread to the lungs through the pulmonary 
arteries and had gained access to the lymphatics at the points of arteriolar 
occlusion. In the present series vascular lesions were present in approximately 
half of the cases and, on the evidence of those autopsies most recently reported, 
it seems probable that an ever increasing number of cases will in future be 
explained on the basis of vascular spread to the lungs with secondary involve- 
ment of the pulmonary lymphatics. Widespread vascular changes may also be 
the cause of the intense dyspnoea, for which no satisfactory explanation has 
yet been advanced ; endarteritis obliterans may cause severe breathlessness with 
pulmonary hypertension, right heart strain, and right ventricular hypertrophy. 
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Clinical evidence of right heart strain may be difficult to detect in cases of 
lymphangitis carcinomatosa, but patients with symptoms of right heart failure 
or subacute cor pulmonale have been reported by Greenspan (1934), Krygier 
and Brill (1942), and others. The frequency and the significance of these vas- 
cular changes might be more accurately determined by measurement of the 
pulmonary arterial pressure by cardiac catheterization. Such an investigation 
has not yet been reported in lymphangitis carcinomatosa, but might well 
furnish information which would answer questions regarding the spread of 
tumour cells to the lungs and the cause of the characteristically severe dyspnoea. 


I wish to thank Dr. Neville Oswald for help and encouragement in the course 
of this work, members of the Consultant Staff of the Brompton Hospital and 
of Saint Bartholomew’s Hospital for permission to report patients under their 
care, Dr. N. Gowing for permission to publish Fig. 3, and Mr. D. Kemp for 
the photographic reproductions. The cases reported formed the basis of a paper 
read to the Thoracic Society in London in February 1951. 


Summary 


1. Twenty-four cases of lymphangitis carcinomatosa of the lungs are reported, 
and their clinical, radiological, and autopsy features are briefly described. 

2. The condition may be suspected on clinical grounds, but of several possible 
radiological appearances only one is diagnostic. 

3. The site and nature of the primary tumour in these cases, together with 
154 cases reported elsewhere, are summarized, and the frequency of lymph- 
angitis carcinomatosa with various primary tumours is noted. 

4. The possible routes of spread of neoplastic cells to the lungs and the cause 
of the characteristic breathlessness are discussed. 
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Fic. 1. Pleural surface of lung showing white interlacing lymphatics 
which are filled with neoplastic cells 


Fia. 2. Cross-section of a bronchiole with the peribronchial lym- 
phatics filled with malignant cells ( x 100) 
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Fic. 3. Section of lung stained by periodic-acid-Schiff method ; mucin-secreting neoplastic cells 
appear black and surround the bronchi and blood-vessels, which are seen as linear streaks when 
cut in their long axes 
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Fic. 4. Lung section showing malignant cells and fibrous tissue surrounding a small blood-vessel, and 
illustrating the tendency to spread into the parenchyma in the late stages ( x 50) 
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THE HAEMODYNAMIC BASIS OF THE SYMPTOMS AND 
SIGNS IN MITRAL VALVULAR DISEASE?! 


By GEOFFREY WADE, LARS WERKO, HARALD ELIASCH, AKE 
GIDLUND, AND HENRIK LAGERLOF 
(From the Fourth Medical Service and the Réntgen Department, 
St. Erik’s Hospital, Stockholm) 


With Plates 27 and 28 


Durtne the years which have elapsed since 1668, when John Mayow described 
a case of extreme constriction of the mitral orifice, much knowledge has been 
acquired regarding the diagnostic signs of mitral valvular disease and its 
secondary dynamic effects. In the main this has been achieved by correlating 
clinical observations with pathological findings, and the progress has been 
admirably summarized by Rolleston (1941). Great advances followed the 
development of radiological and electrocardiographic methods of examination. 
In 1923 Meakins, Dautrebande, and Fetter pointed out the limited ability of 
the cardiac output to rise on effort, but the haemodynamic changes in mitral 
valvular disease remained a matter of inference until the introduction of the 
technique of cardiac catheterization by Forssmann (1929) and its development 
by Cournand and Ranges (1941). It then became possible to obtain samples 
of mixed venous blood for the determination of cardiac output, and to record 
pressures in the pulmonary artery (Cournand, 1945; Bloomfield, Lauson, 
Cournand, Breed, and Richards, 1946) and in the pulmonary capillaries 
(Hellems, Haynes, and Dexter, 1949; Lagerlof and Werké, 1949). Considerab!> 
information has now been acquired regarding these haemodynamic changes, 
and it seems timely therefore to reconsider the clinical, radiological, and 
electrocardiographic findings in cases of mitral valvular disease in terms of 
altered physiology. The present paper gives the results of such a study based 
on 49 cases. 
Methods 


The subjects studied were 49 patients considered, on clinical and radiological 
evidence, to have rheumatic mitral valvular disease. Selection was random. 
They were grouped according to their capacity for effort by the criteria of the 
New York Tuberculosis and Health Association (1940). By these criteria 
patients without limitation of activity are in Group I. Those with slight 
limitation of activity, and who experience slight discomfort on normal activities, 
are in Group II. If this limitation is marked, and activities less than normal 
cause discomfort, patients are classified in Group III. Finally, if the discomfort 
persists even at rest and is increased by any activity, they are placed in Group 

1 Received December 24, 1951 


Quarterly Journal of Medicine, New Series XXI, No. 84, October 1952. Bb 


28 
361 


362 G. WADE, L. WERKO, ETC. 


Catheterization was performed with the patients semi-recumbent and in the 
post-absorptive state. Barbiturate sedation was used, and 30 minutes were 
allowed to elapse after the catheter was placed in the pulmonary artery before 
the basal measurements were made. Pressures were recorded in the pulmonary 
artery, right ventricle, and right auricle. In 35 cases pressures were also 
recorded in the pulmonary capillaries (‘pev’). Systemic arterial pressures were 
recorded through an indwelling needle in the brachial artery. All pressures were 
recorded with Hansen and Warburg capacitance manometers (Hansen, 1949) ; 
right heart and pulmonary pressures were referred to a point 5 cm. below the 
sternal notch. Cardiac output was determined by the direct Fick method, 
mixed venous blood being obtained from the pulmonary artery, and expired 
air being collected in a Tissot spirometer. The output is expressed in litres 
per square metre of body-surface area as the ‘cardiac index’. Blood gases were 
determined by the Van Slyke-Neill manometric apparatus, and expired air was 
analysed by the Haldane apparatus. Postero-anterior and lateral réntgeno- 
grams were taken, and the heart-volume calculated by the formula of Lilje- 
strand, Lysholm, Nylin, and Zachrisson (1939). In 34 cases the total circulating 
blood-volume was measured by the method of Gregersen (1944), and the cardio- 
pulmonary blood-volume was estimated by the technique of Lagerléf, Werké, 
Bucht, and Holmgren (1949). No correction was made for the volume of blood 
in the left heart. 

Twenty-five patients were subjected to certain additional studies, the clinical 
details being summarized in Table I. None of these patients was in right- 
sided heart failure at the time of the study. The history was reviewed in detail, 
and the physical examination was made jointly by three of the authors. A 
cardiac impulse less than 3 cm. in diameter was described as ‘localized’; an 
impulse covering a larger area in which the thrust was forwards, indicating 
enlargement of the right ventricle, was described as ‘diffuse’. The heart-sounds 
were graded as ‘normal’ (N), ‘slightly accentuated’ (+-), ‘moderately accentu- 
ated’ (++), or ‘greatly accentuated’ (+++). The murmurs were graded in 
accordance with Levine’s classification (1945). The X-ray films were reviewed 
by a radiologist (A.G.) in conjunction with the other authors, and an opinion 
was formed regarding the degree of enlargement of each of the cardiac chambers 
and the degree of hilar and peripheral pulmonary congestion, the grading of 
‘none’ (N), ‘slight’ (+-), ‘moderate’ (+++), or ‘great’ (+-+-++) being applied. 
An electrocardiographic examination was made comprising standard leads, 
unipolar limb leads (Wilson, Johnston, MacLeod, and Barker, 1934), and five 
unipolar chest leads in the positions 3 R, 1, 2, 5, and 7 (American Heart Associa- 
tion and Cardiac Society of Great Britain and Ireland, 1938, 1943), using 
Wilson’s central terminal. In estimating right ventricular enlargement the 
criteria laid down by Wilson, Rosenbaum, and Johnston (1947) and elaborated 
by Myers, Klein, and Stofer (1948) were followed. Linear, stethoscopic, and 
logarithmic phonocardiograms were made at both apex and base, timing being 
by a simultaneous electrocardiogram. A high-pitched sound occurring between 
0-07 and 0-11 second after the onset of the second sound was regarded as the 
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‘opening snap’ (Lian, 1941). A lower-pitched sound occurring 0-12 to 0-16 
second after the onset of the second sound is referred to as the ‘third’ sound. 
Deductions regarding the haemodynamic basis of impaired capacity for effort 
were based on the larger group of 49 patients. The more detailed analysis of 
certain clinical symptoms and signs, and of the radiological and electrocardio- 
graphic findings, were based only on the smaller group of 25 patients. This 


TaBLeE I 
Summary of Clinical Data 


Blood pressure 
(mm.Hg) 
History of 

| rheumatic 
infection 


| Haemoptysis 


125/70 
125/80 
135/80 
130/80 


125/75 


Apical mur- 
mur only 


Two months preg- 
nant 


nnn wm Rhythm 


Group 


++1+ +++ 


Probable aortic in- 
competence. Three 


months pregnant 


Aortic incompetence 
Peripheral oedema 
on occasion 


114441190444 
PECL 


er 


>> 


120/75 
145/95 


115/70 

95/75 
130/90 
130/80 
Rhythm: S = sinus; A.F. = auricular fibrillation; A.Fl. = auricular flutter. 


i+ 
> 

i+ 


Peripheral oedema 
on occasion 

Four months preg- 
nant. Anaemia 


M 
F 
F 
F 
F 
M 
F 
M 
M 
F 
F 
F 
F 
F 
M 
F 
F 


444 4 48 


R 
+ 
+1+ + 
bit + +1 


group was also selected at random, and consisted of those patients who had 
attended the clinic during the first half of 1951. 

The following haemodynamic values were accepted as normal: pulmonary 
arterial pressure (mm.Hg) systolic 22+-2-9, diastolic 8+- 1-7, and mean 
(Cournand, 1950; Lagerléf and Werké, 1948); pulmonary capillary mean 
pressure less than 12 mm.Hg (Lagerléf and Werké, 1949; Dexter, Dow, 
Haynes, Whittenberger, Ferris, Goodale, and Hellems, 1950), with presystolic 
wave less than 5 mm.Hg and systolic wave less than 8 mm.Hg (an unpublished 
observation based on 10 normal cases) ; right auricular pressure less than 6-0 


160 29 
343-36 
168 29 
311-35 
332 
337.43 
351 42 140/90 
356 150/90 
191 42 160/100 
227 140/80 
306 41 120/95 
322 120/80 
324 33 115/95 
339 120/100 
341 56 140/80 
346 120/50 
349 50 150/85 
354 44 
290 48 
297 
309 
i 317 
334 : 
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mm.Hg; cardiac output at rest 3-6 litres per minute per square metre of body- 
surface area (Lagerléf and Werké, 1948); arteriovenous oxygen difference less 
than 5-5 volumes per 100 ml. at rest (Cournand, 1945; Lagerlof and Werké, 
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Fic. 1. Pulmonary ‘capillary’ pressure curves (pcv) in three cases, 
(a) In the upper record (Case 311) the pcv is essentially norma] ; 
note the presystolic and systolic waves. In this record there is also 
‘ a simultaneous brachial arterial pressure curve (BA). (b) In the 
. middle record (Case 322) the presystolic wave in the pcv is ab- 
normally high, typical of certain cases of mitral stenosis with sinus 
rhythm. (c) In the lower record (Case 349) from a case of auricular 
fibrillation, there is no presystolic wave in the pev, and the systolic 
wave is of abnormal amplitude, suggesting mitral incompetence. In 
all three records the upper tracing is a simultaneous lead II electro- 
cardiogram, and the two lower tracings phonocardiograms. The un- 
designated lines are respiratory tracings. 


1948), and on effort less than 6-7 volumes per 100 ml. when the oxygen con- 
sumption during effort does not exceed 400 ml. per square metre of body- 
surface area (Hickam and Cargill, 1948); normal total blood-volume 72 ml. 
per kg. body-weight (Gibson and Evans, 1937) ; cardio-pulmonary blood-volume 
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less than 30 per cent. of the total volume (Lagerléf and Werké, 1949). Plates 27 
and 28 (Figs. 10, 11) illustrate the method of radiological assessment. In Fig. 
10 (Case 309) the values assigned are: left auricle +++ ; right ventricle + ; 
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Fic. 2. Simultaneous phonocardiograms in two cases, using sound filters per- 

mitting the registration of frequencies of 0-50, 50-250 and 250-800 cycles per 

second respectively. The upper record (Case 334) shows mid-diastolic (MDM), 

presystolic (PSM), and systolic (SM) murmurs. There is also a ‘third’ heart 

sound. In the lower record (Case 337) in addition to the diastolic murmur (DM) 
there is an ‘opening snap’ (0.8.). 


left ventricle N ; hilar congestion ++ + ; peripheral congestion ; heart- 
volume 600 ml. per square metre. In Fig. 11 (Case 160) they are: left auricle + ; 
right ventricle N ; left ventricle N; hilar congestion N ; peripheral congestion 
N; heart-volume 510 ml. per square metre. Fig. la, although from a patient 
with slight mitral stenosis (Case 311), shows a normal pulmonary capillary 
pressure curve (pcv). There are two positive waves in each cycle, the first or 
‘presystolic’ wave occurring just after the onset of ventricular systole, and the 
second or ‘systolic’ wave occurring in early diastole. The presystolic wave is 
thought to be due to the backward transmission of the left auricular pulse; it 
is often of abnormal amplitude in cases of mitral stenosis with sinus rhythm 
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(Fig. 1b, Case 322), and is absent in auricular fibrillation (Fig. lc, Case 349). 
The systolic wave is thought to be due to the delayed transmission of the 
pulmonary arterial pulse; in mitral incompetence it may be augmented by 
the backward transmission of the systolic regurgitation, and this may be the 
explanation of the abnormally large wave seen in Fig. Ic. Fig 2 illustrates the 
phonocardiographic findings. In the upper record there is a ‘third’ sound as 


TABLE IT. 
Resting Haemodynamics in 17 Cases of Group II and Two Cases (160 and 343) 
of Group I 
S & St mE RE REE ess 
160 S 72 40 3-7 85 19 13 1 88 27 
348 S 70 30 4-6 102 14 9 3 103 24 
2 S 77 30 3-5 87 3 
56 2-9 15 18 4 
9% S 88 35 47 85 21 2 ie 
1033 S 68 42 2-8 73 17 4 a 
1445 S 7 51 3-0 63 23 «16 4 79 32 
148 S 79 44 3-2 15 20 ll 1 63 28 
155 S 7 39 4-6 95 24 «18 4 108 25 
162 S 7% 39 3-4 79 20 8 0 64 32 
1468 S 80 40 4:1 82 18 13 5 84 26 
175 S 86 31 4:3 80 16 12 1 17 26 
217 S 60 38 2-5 67 13 6 4 81 22 
311 S 73 32 4:7 105 15 10 i 102 17 
332 S 91 32 3-8 64 22 «19 1 94 24 
337 S 76 46 2-8 60 21 19 5 716 26 
3388 S 7 46 3-9 71 21 (16 0 120 22 
351 S 84 36 3-7 76 12 10 1 103 26 
356 S lll 26 5-7 95 12 7 0 78 19 
Mean values 3-8 3-8 81 18 13 88 25 
Normal mean 
values . . 36 3-7 94 15 <12 72 


well as systolic, mid-diastolic and presystolic murmurs; in the lower record 
there is an ‘opening snap’ in addition to presystolic and mid-diastolic murmurs. 


Results 

The clinical syndrome. In the patients in Functional Groups I and II the 
average values for the cardiac output and the arteriovenous oxygen difference 
were approximately normal (Table II). The average mean pulmonary arterial 
pressure was a little raised, but in 10 of the 19 patients it was within normal 
limits. The pulmonary capillary pressure was above the upper limit in seven 
of the 15 cases in which it was recorded, and it was in these cases that the 
pulmonary arterial pressures were elevated. The pressure-gradient between 
artery and capillaries was within normal limits in all cases. The stroke-volume 
was slightly diminished, and the total blood-volume 22 per cent. greater than 
the average findings in normai individuals (Gibson and Evans, 1937). More 
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marked haemodynamic changes were found in the patients in Functional 
Group III (Table III). The cardiac output and the stroke-volume were dimin- 
ished, and the arteriovenous difference was increased. The average pulmonary 
arterial and capillary pressures were twice the normal values, the pulmonary 
arterial pressure being elevated in all cases and the capillary pressure in all but 
one. The pressure-gradient between the pulmonary artery and the capillaries 


IIT 
Resting Haemodynamics in 18 Cases of Group III 
S 
: 3 FS Sit 
70 S 4 46 2-8 59 8 ws 
116 AF. 101 38 3-5 63 38 me 
191 AF. 78 65 2-4 54 36 ey 82 25 
221 AF. 70 50 2-9 70 29 «23 6 109 26 
227 A.F. 108 59 2-5 3 
222 S 7% 57 2-7 62 47 24 3 
294 S 64 56 2-5 62 $2017 2 116 13 
306. S 78 55 2-5 51 58-25 a 86 25 
315 S 100 52 3-4 52 28 1 78 22 
316 S 78 51 2-8 65 41 22 3 95 20 
322 S 100 53 3-3 67 21 «(14 1 80 24 
324 AF. 85 53 2-5 45 ae 6 70 28 
339 A.Fl. 117 4:9 3-1 53 24 0 105 35 
341 S 67 40 3-5 88 38 8.24 0 131 25 
346 AF. 47 60 2-1 68 21 10 - O 89 24 
349 AF. 72 67 1-9 36 26 8623 4 119 29 
354 S 65 40 2-6 67 19 16 3 111 19 
358 S 90 47 3-3 57 59022 2 90 34 
Mean values 5:2 2-8 59 34.20 97 25 
Normal mean 
values 3-7 94 15 <12 72 


remained within normal limits in seven cases; in all the other patients there 
was a greater increase in pulmonary arterial pressure than could be attributed 
merely to an increase in capillary pressure. The average total blood-volume was 
35 per cent. above normal values, but the proportion of blood contained in the 
lungs and left heart remained approximately the same (25 per cent.). The 
patients in Functional Group IV can be divided into two sub-groups: those in 
whom the right auricular pressure was high, and those in whom it was normal 
(Table IV). In the former group there was a considerable diminution in the 
cardiac output and the stroke-volume, and the arteriovenous difference was 
very great. The latter group was characterized by extreme elevation of the 
pulmonary arterial and capillary pressures, the cardiac output and arteriovenous 
difference not differing significantly from the findings in Group III. The pul- 
monary arterial pressures averaged 50 mm.Hg, and the capillary pressures 
29 mm.Hg, in these cases. The total blood-volume was estimated in five 
patients, none of whom was in right heart failure, and averaged 46 per cent. 
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above the normal values. The cardio-pulmonary fraction was increased in this 
group, but this increase was mainly accounted for by the very large percentage 


TABLE IV 
Resting Haemodynamics in 12 Cases in Group IV 


: §8. #8 i, BES 333 
18 A..F. 194 8-7 1:3 ll 40 12 
25 Ss 74 5-4 2-1 50 54 6 
106 Ss 91 5:3 2-7 52 40 0 
147 A.F. 61 6-3 2-7 64 29 3 
180 A..F. 80 7-2 1:8 35 71 
187 111 11-5 1-3 22 49 8 
290 A.F. 110 10-4 - 1:3 19 62 28 10 
297 s 116 4:0 4-2 57 68 sf 4 95 52 
309 Ss 197 5-6 3-0 50 65 34 0 128 32 
317 AF. 115 6-7 1-9 28 49 23 0 88 17 
334 Ss 72 5-0 2-5 55 32 21 1 102 15 
360 ALF. 88 4.9 2-7 48 39 29 1 114 27 
Mean values 6-7 2-3 41 50 29 105 28 
Normal mean 
values 3-6 3-7 94 16 <12 72 


TABLE V 


Average Resting Haemodynamics in Patients in Functional Groups I and ITI, 
III, and IV. Patients in Group IV in Right Heart Failure have been Excluded 


> 
4 > ‘= ~~ ~~ 8 ES 3 
I and II 19 3-8 3-8 81 18 13* 88* 25* 
Tit 18 5-2 2-8 59 34 20* 97t 25t 
IV 5 5-2 2-8 48 51 29 105 28 
* 15 cases. + 14 cases 


found in Case 297. The average haemodynamic findings in the different groups 
are contrasted in Table V. 

In auricular fibrillation the pulmonary pressures and the cardiac output 
tended to be lower than in patients with sinus rhythm in the same functional 
group (Table VI). No appreciable difference was found between the systemic 
blood-pressure values in the different functional groups. For this reason the 
figures have not been added to the Tables. Fig. 3 shows the relation between 
the pulmonary capillary pressure and the cardio-pulmonary and total blood- 
volumes, and between the cardiac output and the pulmonary pressures. The 
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changes in cardiac output are more closely related to changes in the capillary 
pressure than to changes in the arterial pressure. Six patients complained of 
breathlessness on lying down (Cases 290, 297, 309, 341, 346, and 349). The 
mean pulmonary arterial and capillary pressures were 62 and 28, 68 and 37, 
65 and 34, 38 and 24, 21 and 10, and 26 and 23 mm.Hg respectively. The pul- 
monary capillary pressures were thus considerably elevated in all but one 
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TABLE VI 


Haemodynamic Differences between Patients with Sinus Rhythm and Those with 
Auricular Fibrillation in the Same Functional Group (Mean Values) 


Sinus II 
Auricular 
fibrillation III 


oxygen difference 


Arteriovenous 
(vols. %) 


& Stroke-volume (ml.) 


@ © Number of cases 
& Pulse-rate 
to Cardiac index 


(1./min./sq. m.) 
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patient (Case 346), but much greater variation is seen in the level of the pul- 
monary arterial pressures. With one exception (Case 346) the pulmonary 
capillary pressure curve showed a systolic rise of abnormal amplitude. Pul-' 
monary oedema was prominent in the history of four patients (Cases 297, 
309, 334, and 354). The mean pulmonary arterial and capillary pressures 
were 68 and 37, 65 and 34, 32 and 21, and 19 and 16 mm.Hg respectively. The 
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variability in the pulmonary pressures will be discussed later. In all four cases 
there was a systolic pressure rise of abnormal amplitude in the pulmonary 
capillaries. Three of these patients had also experienced severe haemoptysis 
(Cases 297, 309, and 354). 


The physical signs. Cyanosis was noticed in three patients (Cases 309, 349, 
and 354). In Case 309 the arterial blood was moderately saturated (79 per cent.), 


PA mean 
(mm. Hg.) 
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60F 
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“Localised” “Diffuse” 
Character of cardiac impulse 
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but in the other two the arterial oxygen saturations were 96 per cent. and 92 
per cent. respectively. The cardiac impulse was palpable in 21 cases. It was 
regarded as diffuse and indicative of enlargement of the right ventricle in 
eight cases, and localized in 13. It can be seen from Fig. 4 that a diffuse impulse 
generally implies a mean pulmonary arterial pressure above 30 mm.Hg, while 
such a pressure is rarely found ‘if the impulse is of normal character. The 
phonocardiographic findings in the smaller group of 25 patients are given in 
Table VII. Apical diastolic murmurs were recorded in 24 cases. In two of the 
patients with sinus rhythm the murmur was limited to presystole, and in one 
to mid-diastole. In all three the resting pulmonary pressures were normal. 
Apical systolic murmurs were recorded in 22 patients. The mean pulmonary 
capillary pressure tended to be higher in the patients with loud systolic murmurs, 
averaging 23 mm.Hg in the seven patients with murmurs of grade III or 
louder, 17 mm. Hg in the 14 with murmurs of grades I and II, and 16 mm.Hg 
in the three who had no systolic murmurs. As the systolic rise in the pulmonary 
capillary pressure curve may be influenced by backward regurgitation through 
an incompetent mitral valve, the amplitude of this rise was related to the 
intensity of the apical systolic murmurs (Fig. 5). There is a considerable trend 
towards a larger rise of pressure in patients with loud murmurs. In one patient 
there was a loud apical systolic murmur only (Case 160). The mean pulmonary 
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arterial pressure was 19, and the capillary pressure 13 mm.Hg. The pre- 
systolic rise of pressure in the capillaries was 4, and the systolic rise 14 mm.Hg 
(Fig. 6). A systolic murmur with maximum intensity in the pulmonary area 
was recorded in 12 patients. Neither its occurrence nor its intensity was related 
to the degree of pulmonary hypertension. A basal diastolic murmur regarded 
as due to pulmonary incompetence (Steell, 1889) was heard in one case, but 


TaBLE VII 
Phonocardiographic Findings in 25 Cases of Mitral Valve Disease 
Under 2nd pulmonary sound the number of +s indicates the degree of accentuation, 
N indicating no accentuation. In all other columns + is used to signify presence and 
— absence. The intensity of P2 and the systolic murmurs was assessed by auscultation. 
Heart-sounds Murmurs 
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not recorded on the phonocardiogram ; the mean pulmonary arterial pressure 
was 49 mm.Hg. In two other cases a basal diastolic murmur was recorded, 
but an associated aortic lesion could not be excluded. The mitral first sound 
was considered to be accentuated in 19 patients, but this observation was not 
confined to any particular group or pressure-pattern. The pulmonary second 
sound was accentuated to a varying degree in 21 patients. There was little 
relation between the intensity of the sound and the degree of pulmonary hyper- 
tension, very loud sounds occurring with pressures as low as 20 mm.Hg, and 
pressures of 60 mm.Hg being found with little or no accentuation (Fig. 7). 
A sound fulfilling the criteria of an ‘opening snap’ was recorded in 13 cases, 
and a ‘third’ sound was recorded in 14 cases. They were found with equal 
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Fic. 6. (a) Phonocardiographic and (b) haemodynamic findings (not 

simultaneous) in Case 160. There is a systolic murmur (SM) only, 

and an abnormally high systolic wave in the pulmonary ‘capillary’ 

pressure curve (pev). The presystolic wave is within normal limits. 

There is also a simultaneous brachial arterial pressure curve (BA) 
and a respiratory curve (undesignated line). 
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TABLE VIII 


Radiological Findings and Pulmonary Pressures in 25 Cases of Mitral Valvular 
Disease 
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frequency in mild cases with low pulmonary pressures and in severe cases with 
considerable pulmonary hypertension. 

The radiological findings. The calculated heart-volume was found to be 
greatest in patients with ‘great’ enlargement of the left auricle, and there was 
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poor correlation between the heart-volume and both the pulmonary pressures 
and the degree of incapacity. There was also poor correlation between the 
auricular size and the pulmonary capillary pressure; the greatest enlargement 
was seen in cases of auricular fibrillation, with one exception. Enlargement of 
the right ventricle correlated with the degree of pulmonary arterial hyper- 
tension. In 12 of the 14 patients with ‘slight’ or ‘no’ enlargement the mean 
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pulmonary arterial pressure was below 25 mm.Hg; in seven of the 11 with 
‘moderate’ or ‘great’ enlargement the pressure was over 30 mm.Hg (Table VIII). 
Left ventricular enlargement was seen in only three patients. In all three 
there was an apical systolic murmur and an abnormally large systolic rise of 
pressure in the pulmonary capillaries. In one of these patients, however, co- 
existent aortic disease could not be excluded. The hilar shadows became more 
prominent with increasing pulmonary arterial hypertension. Fourteen of the 
16 patients considered to have ‘no’ or ‘slight’ hilar congestion had mean pul- 
monary pressures below 30 mm.Hg, while seven of the nine with ‘moderate’ or 
‘great’ hilar congestion had pressures above 30 mm.Hg (Fig. 8). Radiological 
evidence of peripheral pulmonary congestion was found to be an equally reliable 
indication of high pressure in the pulmonary capillaries. Fourteen of 17 patients 
with ‘no’ or ‘slight’ signs of peripheral congestion had capillary pressures 
below 20 mm.Hg, and all seven with ‘moderate’ or ‘great’ peripheral congestion 
had pressures above 20 mm.Hg (Fig. 9). 

The electrocardiographic findings. The electrical axis ranged between +40 
and +95, being between +60 and +90 in the majority of cases. The electrical 
position was vertical in nine patients, semi-vertical in nine, intermediate in 
three, semi-horizontal in two, and indeterminate in two. In the four patients 
without radiological signs of right ventricular enlargement the electrical posi- 
tion was vertical in three cases and semi-vertical in one. Unequivocal evidence 
of right ventricular enlargement was seen in one patient, and in this case there 
was also great enlargement of the right ventricle on X-ray, and the mean pul- 
monary arterial pressure was 49 mm.Hg (Case 317). In two other patients (Cases - 
277 and 346) the electrocardiogram was suggestive of right ventricular enlarge- 
ment, but not diagnostic. There was ‘slight’ and ‘moderate’ enlargement of the 
right ventricle on X-ray, and the mean pulmonary arterial pressures were 13 
and 21 mm.Hg respectively. In one other patient (Case 309) there was an 
‘RSR’ complex in lead V,R, but no other sign of right ventricular enlargement ; 
the mean pulmonary arterial pressure was 65 mm.Hg. The P wave was of 
abnormal duration and bifid in four cases ; in all these there was an exceptionally 
large presystolic wave in the pulmonary capillary pressure curve, the mean 
pressure was high, and radiologically the left auricle was ‘moderately’ or 
‘greatly’ enlarged. 


Discussion 

The relative validity of conflicting observations is a major problem in the 
attempt to correlate clinical and haemodynamic findings. Not only is the 
genesis of certain physical signs obscure, and the factors underlying some of 
the dynamic changes imperfectly understood, but also the pressure-volume- 
flow patterns in the cardio-vascular system are very labile. The general trend 
of the haemodynamic changes in patients with mitral stenosis can be seen from 
the resting values in the various groups. It will be seen from Table V that there 
is little difference between Functional Groups III and IV as regards the average 
arteriovenous oxygen difference and the cardiac output values, when patients 
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in right heart failure are excluded, in spite of much higher pulmonary arterial 
and capillary pressures in Group IV. The lower output and greater arterio- 
venous oxygen difference seen in Table IV is due to the inclusion of four 
patients (Cases 18, 180, 187, and 290) who had right heart failure as judged 
by the high right auricular pressure. 

The haemodynamic changes are better illustrated by studying the response 
to effort (Hickam and Cargill, 1948; Gorlin, Sawyer, Haynes, Goodale, and 
Dexter, 1951; Draper, Heimbecker, Daley, Carroll, Mudd, Wells, Falholt, 
Andrus, and Bing, 1951; Eliasch, Wade, and Werké, 1952). It can be seen from 
Table II that there may be no detectable haemodynamic abnormality at rest in 
a patient with little or no incapacity, although an abnormal response may be 
found on moderate exertion. Except when stenosis is very slight, to increase 
the cardiac output entails raising the left auricular pressure and therefore the 
pressure in the pulmonary capillaries. If this rise is considerable, pulmonary 
congestion or oedema may develop, pressures of between 35 and 45 mm.Hg 
being recorded in the pulmonary capillaries. Of the four reported patients in 
whom pulmonary oedema was a prominent symptom, low resting capillary 
pressures were found in two, but the subsequent study of the response to effort 
revealed that these pressures rose from 21 and 16 mm.Hg to 38 and 41 mm.Hg 
respectively on light work. The findings in the patients who complained of 
orthopnoea suggest that a high pulmonary capillary pressure is also an important 
factor in the causation of this symptom. Probably the increase in cardiac 
output and in blood-volume, which is known to occur on recumbency, causes 
a further rise in pulmonary capillary pressure, and it has been shown that, 
in normal individuals, tilting from the horizontal to the vertical position causes 
a fallin both pulmonary capillary pressure and cardio-pulmonary blood-volume 
(Lagerlof, Eliasch, Werké, and Berglund, 1951). These observations should 
not cause underestimation of the importance of factors operating outside the 
lungs, and it seems unlikely that pulmonary congestion was responsible for 
the orthopnoea of Case 346, in whom the resting pulmonary pressures were 
within normal limits. High capillary pressures were also the rule in the cases 
of haemoptysis. Eliasch, Wade, and Werké (1952) showed that in some cases 
the pulmonary pressure-pattern may be modified by narrowing of the pul- 
monary arterioles. In such cases an attempt to raise the cardiac output causes 
a considerable increase in the pulmonary arterial pressure, but little change 
in the capillary pressure, resulting in an increase in the pressure-gradient 
between the pulmonary artery and the capillaries. The pathological basis for 
this type of case is provided by the demonstration of secondary pulmonary 
vascular disease in mitral stenosis (Parker and Weiss, 1936), and of medial 
hypertrophy and the presence of muscular fibres in the pulmonary arterioles 
after obstruction of pulmonary veins (Edwards and Burchell, 1951). In our 
reported cases some degree of pulmonary arteriolar constriction was frequently 
found in patients in Functional Group III, and was invariable in Group IV. 

Although there may be no clinical signs of congestive failure, insufficiency of 
the right heart may develop on effort (unpublished observation). There is also 
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considerable evidence to suggest that auricular fibrillation lessens the efficiency 
of the heart (Hecht, Osher, and Samuels, 1951; Draper, Heimbecker, Daley, 
Carroll, Mudd, Wells, Falholt, Andrus, and Bing, 1951; Gorlin, Sawyer, Haynes, 
Goodale, and Dexter, 1951) and this effect may be partly responsible for the 
slightly lower pressures found in the reported cases of auricular fibrillation. 

The tendency for the blood-volume to be increased in the more severely 
incapacitated patients may be regarded as a compensatory adjustment similar 
to the increase which is known to occur in heart failure. Support for this view 
is found in the similarity between the changes in renal haemodynamics which 
have been observed in cases of rheumatic heart disease and those known to 
occur in congestive failure. Heller and Jacobson (1950) found a reduction in 
renal blood-flow in patients with compensated rheumatic heart disease, and 
similar results have been frequently found in this laboratory in cases of mitral 
stenosis (unpublished observations). Kattus, Sinclair-Smith, Genest, and 
Newman (1949) have shown that effort causes a specific retention of sodium 
and chloride in normal individuals, and Sinclair-Smith, Kattus, Genest, and 
Newman (1949) have brought forward evidence suggesting that this response 
is more intense and more readily elicited in cardiac patients. Briggs, Powell, 
Hamilton, Remington, Wheeler, and Winslow (1948) believed that this reten- 
tion of sodium is due to cellular anoxia. Such a mechanism could be of particular 
importance in mitral stenosis, in which the ability of the heart to increase its 
output on effort is often very limited. 

The validity of the method of estimating the cardio-pulmonary blood- 
volume must be considered before the significance of the results can be assessed. 
The method is based on the assumption that blood is circulating simultaneously 
in all parts of the lungs, an assumption which may not be wholly justifiea if the 
pulmonary vasculature is abnormal. Variability in the speed of circulation 
through more or less congested areas of the lung would increase the time-base 
of the concentration curve, and would lead to error by increasing the area 
under the extrapolated portion. The form of the concentration curves obtained 
did not suggest that this was a serious source of error, and the extrapolated 
area was always less than 10 per cent. of the total area. But, as Kopelman 
and Lee (1951) have pointed out, the method would not detect areas of engorge- 
ment or infarction through which circulation was almost negligible. The esti- 
mation also includes the contents of the left auricle, left ventricle, and proximal 
part of the arterial tree, as well as the lungs. The largest source of error lies 
in the left auricle, and, as the size of this chamber greatly influences the cal- 
culated heart-volume, an attempt was made to provide a partial correction by 
subtracting half the radiological heart-volume from the cardio-pulmonary 
volume. The resulting ‘pulmonary’ volume correlated with the pulmonary 
capillary pressure in: the same way as did the cardio-pulmonary volume. 
Furthermore, some of the highest figures were found in cases in which enlarge- 
ment of the left auricle was only ‘slight’ or ‘moderate’. By using the same 
method it has been previously reported that there is no significant change in 
the pulmonary blood-volume in mitral stenosis (Lagerléf, Werké, Bucht, and 
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Holmgren, 1949; Ebert, Borden, Wells, and Wilson, 1948; Borden, Ebert, 
Wilson, and Wells, 1949; Kopelman and Lee, 1951). In the present series also 
there is very little difference between the mean figures in the various functional 
groups, and the cardio-pulmonary blood-volume remains an approximately 
constant fraction of the total blood-volume. By plotting the cardio-pulmonary 
volume against the pulmonary capillary pressure a relation is clearly shown, 
and it is probable that the increase in volume is an important factor in raising 
the capillary pressure. The development of secondary vascular change, the 
state of the interstitial tissues, and the total thoracic capacity must all have 
their effect on pressure/volume relations in the pulmonary circuit, and would 
account for the finding in some cases of a high pulmonary capillary pressure 
together with a low cardio-pulmonary blood-volume. 

Lewis, Haynes, and Spiegl (1951) have attempted to relate the clinical 
symptoms to the area of the mitral orifice, using the hydraulic formula put 
forward by Gorlin and Gorlin (1951). There must obviously be a general 
relation, but many other factors such as valvular insufficiency, the state of the 
pulmonary vasculature, and cardiac efficiency are also concerned. Further, 
the formula uses the mean pulmonary capillary pressure in mm. of Hg minus 
five as a measure of the pressure-gradient across the valve during diastole. 
This figure may differ considerably from the pressure in the left auricle during 
this time. It will be less than the left auricular pressure if there is a large pre- 
systolic wave in the capillary pressure curve, and greater if there is a large 
systolic wave, and in addition the capillary pressure may be labile (Eliasch, 
Wade, and Werké, 1952). For these reasons no attempt has been made in the 
present study to relate the area of the orifice to the clinical findings. 

The finding of normal arterial oxygen-saturations in two of the three patients 
who were slightly cyanotic suggests that the cyanosis commonly seen in mitral 
disease may frequently be of peripheral origin. No firm conclusions can be 
drawn from such a small number of observations. 

The nature of the apical diastolic murmurs depends, as Bramwell (1943) 
has pointed out, both on the size of the mitral orifice and on the rate of the 
blood-flow through it. As the determinations of cardiac output and phono- 
cardiograms were not made simultaneously, it was impossible to evaluate 
accurately the rate of flow in relation to the murmurs. The results, however, 
confirm the clinical impression that the presence of both mid-diastolic and 
presystolic murmurs at rest, in patients with sinus rhythm, generally indicates 
@ more severe degree of stenosis than a presystolic or mid-diastolic murmur 
only. The haemodynamic significance of the apical systolic murmur has been 
approached in the present study through an analysis of the form of the pul- 
monary capillary pressure curve. There is a good deal of evidence to show that 
the pulmonary capillary pressure is closely related to the left auricular pressure 
(Hellems, Haynes, and Dexter, 1949; Lagerléf and Werké, 1949; Dow and 
Gorlin, 1950; Calazel, Gerard, Daley, Draper, Foster, and Bing, 1951), and 
there is no doubt that the presystolic wave is dependent on auricular systole 
(Lagerlof and Werké, 1949). The latter authors have also suggested that mitral 
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incompetence may cause an early and high systolic rise of pressure. This view 
is supported by the striking correlation between the amplitude of the systolic 
wave and the intensity of the apical systolic murmur. Radiological enlarge- 
ment of the left ventricle (Parkinson, 1949) was seen in only three of the patients 
who showed an abnormally large systolic wave. Five of these patients subse- 
quently underwent mitral valvulotomy, and in two of them the surgeon 
(Crafoord) was able, before operation, to feel a regurgitant stream of blood 
through the mitral valve during ventricular systole, although radiological 
evidence of left ventricular enlargement was lacking in both cases. The absence 
of ventricular enlargement therefore does not lessen the possible significance 
of the high systolic wave as indicating mitral incompetence. If an abnormally 
high systolic wave in the pulmonary capillary pressure curve is accepted as 
evidence ofsystolic reflux through the mitral valve, our results suggest that while 
incompetence may exist when there is no, or only a very soft, apical systolic 
murmur, it is almost invariable when the murmur is of grade IIT or louder. 
Some degree of incompetence seems to be the rule in the more severe grades of 
mitral valve disease, for it was present in all the patients in Group IV, and in 
six of the ten patients in Group III. It is reasonable to assume that incompe- 
tence tends further to embarrass the heart, and it certainly leads to higher 
pulmonary capillary pressures. It was present in all the cases of pulmonary 
oedema, and in five of the six cases of orthopnoea. In one patient (Case 160) 
the lesion, both clinically and haemodynamically, was ‘pure’ rheumatic mitral 
incompetence. Analysis of the pulmonary capillary pressure curve in selected 
cases may help to throw further light on the occurrence of this debatable 
lesion. 

The classical signs of pulmonary hypertension were re-defined by Bedford 
(1951) as (1) a diffuse cardiac impulse, (2) a triple rhythm, and (3) one or more 
of the following: accentuation of the pulmonary second sound, a pulmonary 
systolic murmur, and a Graham Steell murmur. A diffuse cardiac impulse was 
found in our reported cases to be a reliable sign of pulmonary hypertension. 
The only Graham Steell murmur found was in a patient in whom the mean 
pulmonary arterial pressure was 49 mm.Hg. Pulmonary systolic murmurs 
were apparently of little haemodynamic importance, for most of the 12 patients 
in whom they were observed had only a slight increase in the pulmonary arterial 
pressure. The intensity of the pulmonary second sound, although it was 
accentuated in most cases, was an unreliable indication of the degree of pul- 
monary hypertension. This is to be expected, for the position of the valve in 
relation to the chest wall must be important in determining the intensity. The 
pressure curves obtained through a cardiac catheter do not permit the accurate 
determination of the pressure at the beginning of diastole, which would have 
been more pertinent than the mean pulmonary arterial pressure (Wiggers, 1919), 
but it is unlikely that the correlation would be better. It was not possible to 
find any characteristic pressure-pattern in those cases in which there was a 
third sound fulfilling the criteria of an ‘opening snap’, nor in those in which it 
had the timing of the normal third sound. Nor was there in our patients the 
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relation between the presence of a third heart-sound, the rhythm, and the size 
of the heart which had been previously noted by Evans (1943). The opening 
snap appears to be unrelated to the severity of the lesion. In the absence of 
congestive heart failure, the radiological signs of increased peripheral stasis, 
subjective though they may be, proved to be a fairly reliable indication of a 
high pulmonary capillary pressure, as were hilar congestion and enlargement 
of the right ventricle of pulmonary hypertension. The absence of any definite 
relation between the pulmonary capillary pressure and the size of the left 
auricle was not unexpected, for auricular size must depend on the state of the 
myocardium as well as upon the distending pressure. This factor would also 
explain the finding of considerable enlargement of the auricles in cases of auri- 
cular fibrillation, for both fibrillation and auricular enlargement are presum- 
ably due in part to muscle damage. 

As none of the group of 25 patients was in right heart failure, and since the 
formula used in estimating the heart-volume is based on the formula of the 
ellipse with one axis extending to the posterior limit of the left auricular curve, 
it is natural to find the biggest heart-volumes in patients with extreme enlarge- 
ment of the left auricle. Enlargement of the right ventricle will tend to have 
less effect on the calculated volume. The unipolar limb leads show that, in 
the majority of cases, a vertical or semi-vertical electrical position accounts for 
the right axis deviation which is so common a feature in mitral stenosis (White, 
Parker, and Master, 1944; Nylin, 1950). The anatomical changes causing 
clockwise rotation of the heart on both its antero-posterior and long axes are 
uncertain, but it is possible that such rotation is an early sign of right ventri- 
cular enlargement. Although there were many patients with severe pulmonary 
hypertension and radiological evidence of enlargement of the right ventricle, 
diagnostic electrocardiographic signs of right ventricular enlargement were 
relatively rare. The duration of the hypertension is, of course, not known 
with certainty, and the enlargement seen on X-ray may be confined to the 
outflow tract, and may not mean any great increase in the muscle-mass. 
These observations, in conjunction with the known post-mortem findings in 
mitral stenosis, suggest that the electrocardiograph does not provide reliable 
evidence of absence of enlargement of the right ventricle. The finding of a 
high presystolic wave in the pulmonary capillary pressure curve in the four 
cases in which the P waves were bifid and prolonged suggests a hypertrophied 
left auricle, and is in accord with the pathological observations of Berliner and 
Master (1938). 

The above observations show that increased pressures in the pulmonary cir- 
cuit and a limited cardiac output are the major haemodynamic changes in 
mitral valve disease. The pulmonary changes are due in part directly to the 
mitral lesion, which may be stenosis, incompetence, or both, and in part to 
secondary changes in the pulmonary vessels and the interstitial lung-tissue. 
The limited cardiac output is due to a combination of mechanical obstruction 
and myocardial insufficiency. In the absence of right heart failure the most 
important haemodynamic change is the rise in pressure in the pulmonary 
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capillaries. The complete study of a case involves the assessment, directly or 
by inference, of the part played by these various factors. Where the problem / 
is mainly one of mechanical obstruction there is a history of orthopnoea, or of 
pulmonary congestion or oedema. The heart is small, there are no signs of 
right heart failure, and the rhythm is generally of sinus origin. Radiologically 
the major changes are seen in the peripheral lung fields. The striking feature 
on catheterization is the high pressure in the pulmonary capillaries. The 
development of secondary pulmonary vascular disease causes an increase in 
the pulmonary arteriolar resistance, with moderate or severe pulmonary arterial 
hypertension. This change may be deduced clinically from the nature of the 
cardiac impulse, and radiologically from the density of the hilar vascular markings 
and the size of the right ventricle. Cases in which the myocardium is primarily 
at fault are characterized by the absence of attacks of pulmonary congestion 
or oedema, by enlargement of the heart, and by signs of right heart failure. 
The rhythm is frequently that of auricular fibrillation. On catheterization the 
pulmonary pressures are low in relation to the cardiac output. With the 
development of surgical methods of treatment it is of the utmost importance 
to distinguish those cases in which the problem is one of mechanical obstruction 
from those in which the myocardium is at fault, or in which there is gross 
pulmonary vascular disease. The results reported above emphasize the value 
of the usual clinical and radiological methods of examination in making this 
differentiation. 
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Summary and Conclusions 

1. The results of haemodynamic studies in 49 cases of mitral valvular disease 
are reported and related to the clinical, radiological, and electrocardiographic 
findings. 

2. It was found that in most cases there was an inverse relation between 
the exercise tolerance and the pulmonary arterial and capillary pressures. The 
cardiac output was smaller, and the arteriovenous oxygen difference wider, in 
patients in Group III than in those in Groups I and II, but these factors were 
the same in Group IV as in Group III if patients in right heart failure were 
excluded. 

3. In many cases there was a direct relation between the pulmonary capillary 
pressures and the cardio-pulmonary blood-volume. The total blood-volume 
was also increased, and the proportion contained in the lungs and left heart 
generally remained constant, although it was increased in some severely in- 
capacitated patients with exceptionally high pulmonary capillary pressures. 
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4, The significance of variations in the form of the pulmonary capillary 
pressure curve is discussed, and it is suggested that an early and high systolic 
wave indicates mitral incompetence. This feature was present in all patients 
with an apical systolic murmur of grade III or louder, and in all cases in Func- 
tional Group IV. It was also present in some patients who showed neither an 
apical systolic murmur nor left ventricular enlargement. 

5. The above observations suggested that mitral incompetence may occur 
without the classical signs, that it is almost invariable if there is a loud apical 
systolic murmur, and that a severely narrowed mitral valve is also usually 
incompetent. 

6. An ‘opening snap’, although of diagnostic value, was not related to the 
severity of the disease. 

7. The second pulmonary sound was accentuated in the majority of cases, 
but its intensity was not a reliable indication of the degree of pulmonary hyper- 
tension. 

8. A diffuse cardiac impulse, radiological evidence of considerable enlarge- 
ment of the right ventricle, and hilar congestion were generally associated with 
a mean pulmonary arterial pressure greater than 30 mm.Hg. 

9. Orthopnoea, attacks of pulmonary oedema, and radiological evidence of 
considerable peripheral pulmonary congestion accompanied high ae 
capillary pressures. 

10. The degree of left auricular enlargement was not closely related to the 
height of the pulmonary capillary venous pressure, but was greatest in cases of 
auricular fibrillation. In the absence of congestive heart failure increase in the 
calculated heart-volume was mainly due to enlargement of the left auricle. 

11. The electrical position of the heart was vertical or semi-vertical in nearly 
all cases. Diagnostic electrocardiographic signs of right ventricular enlarge- 
ment were uncommon. The findings in cases with broad and bifid P waves 
support the belief that this appearance is due to left auricular hypertrophy. 

12. The value of clinical and radiological methods of examination is re- 
affirmed. 
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Fic. 10. Postero-anterior and lateral roentgenograms from Case 309. The values 

assigned are: left auricle + + + ; right ventricle + ; loft ventricle N ; hilar congestion 

+++; peripheral congestion+ ++; heart volume 600 ml. per square metre body- 
surface area 
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Fic. 11. Postero-anterior and lateral roentgenograms from Case 160. The values 
assigned are: left auricle+ ; right ventricle N ; left ventricle N; hilar congestion N; 
peripheral congestion N; heart volume 510 ml. per square metre body-surface area 
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FACTORS IN THE AETIOLOGY OF DIABETIC 
GLOMERULOSCLEROSIS! 


By G. F. M. HALL 


From the Department of Morbid Anatomy, King’s College Hospital Medical 
School, London 


With Plates 29.and 30 


Srvce the original description of intercapillary lesions in the glomeruli of the — 
kidney by F immelstiel and Wilson in 1936 a considerable literature has at.sen 
around the subject of diabetic glomerulosclerosis and of its clinical picture, now 
usually known as the Kimmelstiel-Wilson syndrome. Diabetic glomerulo- 
sclerosis is frequently referred to as intercapillary glomerulosclerosis, and, 
although the latter is the term originally employed by Kimmelstiel and Wilson, 
the use of the former term is preferred on the grounds that the intercapillary 
nature of the lesions is debatable, whereas the association with diabetes is 
established. Occasionally the term ‘diabetic nephropathy’ is used, but it is 
non-committal, and applicable to the clinical syndrome rather than to any 
specific pathological change. Many writers have presented findings relevant to 
the aetiology of diabetic glomerulosclerosis, and it is the purpose of the present 
paper to bring together this mass of material and discuss it in relation to the 
findings in a series of 120 diabetic patients who have come to post-mortem 
examination. Other writers have recorded entirely clinical studies of the syn- 
drome, but the present discussion will be largely limited to patients who have 
been shown post mortem to have the pathological changes of diabetic glomeru- 
losclerosis. In many early cases showing only scanty, but typical, lesions of 
diabetic glomerulosclerosis there may be little or no clinical evidence of the 
development of this renal complication. Only by including such symptomless 
early cases can an adequate study of the possible aetiology be attempted. Most 
investigators are agreed on the appearance and identification of the basic lesion 
of diabetic glomerulosclerosis, which is usually known as the nodular lesion, or 
sometimes as the Kimmelstiel-Wilson lesion (Plate 29, Fig. 1). The writer’s 
description of the nodular lesion and of the less common exudative lesion will 
be found elsewhere (Hall, 1952). There is, however, no complete uniformity of 
histological interpretation, and this is particularly true of the early cases. 
There is inevitably considerable variation in the grading of the severity of 
glomerulosclerosis, and different writers have brought forward different schemes. 
It is thus of considerable importance from the outset to be familiar with the 
various definitions and systems of grading used by the writers whose findings 
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will be examined. The first two sections of this paper will therefore be devoted 
to the incidence of glomerulosclerosis in diabetics and in non-diabetics. 


Material and Methods 

The present study is based on a series of post-mortem examinations of 120 
diabetic patients. These include 73 patients from King’s College Hospital 
(1928 to 1949), 26 from hospitals served by the Department of Pathology of 
Bristol University (1938 to 1948), and 21 from St. Bartholomew’s Hospital 
(1928 to 1947). The numbers stated represent all cases of diabetes during the 
periods indicated for which both adequate clinical records and blocks of kidney 
tissue were available. One hundred non-diabetic control cases have also been 
examined. These consisted of two groups, each of 50 patients. One group, the 
senile series, was selected to contain only patients over the age of 60 years whose 
kidneys were free from arteriolosclerosis. The other group, the arteriolosclerotic 
series, contained patients of any age with severe or moderately severe renal 
arteriolosclerosis. The reasons for choosing controls of these two types will be 
made clear later. Most of the material, which was received already in the form 
of paraffin blocks, had been fixed in formalin. Where the fresh tissue was 
available Zenker-formol was preferred, as it gave better results with special 
staining methods. In each case two different sections were examined, and where 
only one block of tissue was available the second section was obtained by 
cutting the block at a lower level, so as to obtain a complete change of glomeruli. 
Sections were stained with haematoxylin and eosin and with the periodic-acid- 
Schiff reagent (McManus, 1948). In cases showing glomerulosclerosis additional 
stains were used to study the changes in more detail. 


The Incidence of Glomerulosclerosis in Diabetic Patients 

In the series of 120 diabetic patients evidence of glomerulosclerosis was found 
in 45 cases, an incidence of 37-5 per cent. According to the system of grading 
described below, 31 cases were of mild degree and 14 of severe degree. Glomerulo- 
sclerosis was considered to be mild when less than 50 per cent. of the glomeruli 
contained nodular lesions (Plate 29, Fig. 3). In mild cases most of the nodules 
were small, but no case was included unless one or more well-defined nodules at 
least 30u in diameter were present. In three cases the lesions were so scanty 
that a single nodule was found in only one of the two sections examined. A 
fourth case in which an exudative lesion was present in a single glomerulus has 
also been included in the ‘mild’ group. It is possible that the number of such early 
cases could be increased very slightly by examination of more sections. In the 
great majority of mild cases one section is sufficient to establish the diagnosis, 
although a careful search is often necessary, and a cursory examination will 
result in many of the earlier cases being missed. Glomerulosclerosis was con- 
sidered to be severe when lesions were seen in more than 50 per cent. of glome- 
ruli (Plate 30, Fig. 4). Invariably numerous medium-sized nodules (with 
diameters of 50 to 100) and some large nodules (with diameters over 100) 
were present. Glomeruli containing multiple nodular lesions were also seen. 
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The writer has shown that in the most advanced cases of the Kimmelstiel- 
Wilson syndrome, with death from renal failure, the histology of diabetic 
glomerulosclerosis is considerably modified by severe atheromatous narrowing 


TABLE I 
Incidence of Glomerulosclerosis in Diabetic Patients 
Based on recorded series of 100 or more post-mortem cases. 


Number Patients with Glomerulosclerosis 
of A 
Authors patients Grade l Grade 2 Grade 3 Grade 4 Total % 
Siegal and Allen (1941) 105 16 9 8 2 35 33 
Horn and Smetana * 
(1942) : 144 <——Grades not stated ——> 33 22-9 
Laipply, Eitzen, and 
Dutra (1944) . f 124 19 31 16 13 79 63-7 
Robbins and Tucker 
(1944) . 255 21 23 7 54 21-2 
Goodof (1945) . ; 214 49 25 20 Be 94 44 
Harman (1950) . ‘ 116 11 9 14 sis 34 29-3 
Diffuse Nodular 
Bell (1946) ‘ . 583 64 80 144 24-7* 
Henderson, Sprague, Early Advanced 
and Wagener (1947) 313 31 30 61 19-5 
Mild Severe 
Present series . 120 31 14 45 37°5 


* Figures for all ages calculated from Bell’s Table, which is given in a different form 
under age-groups. 


TaBLE II 
Summarized Definitions of the Different Grading Systems Employed in Table I 
Authors Grade 1 Grade 2 Grade 3 Grade 4 
Siegal and Allen 1 to 5 nodules Not defined Not defined Nodules in al- 
(1941) per section most every 
glomerulus 
Laipply, Eitzen, Focal _ fibrosis Occasional no- Nodules_ in Nodules in al- 
an Dutra without no- dules in four many glo- most every 
(1944) dules or more sec- meruli glomerulus 
tions 
Robbins and < Grades not defined > 
Tucker (1944) 
Goodof (1945) No large masses Many glomeruli Large mass in 
contain mas- almost 
ses of moder- every glo- 
ate size merulus 
Harman (1950) Scattered focal Solitary nodules Involvement 
thickenings and rare mul- of greater 
with rare tiple nodules, proportion 
well-formed affecting 50% with mul- 
nodules of glomeruli tiple lesions 
Bell (1946) Diffuse: not clearly defined Nodular: includes all grades of in- 
volvement by nodular lesions 
Henderson, Early: small club-shaped masses in Advanced: nodular masses 
Sprague, and midst of diffuse thickening 
Wagener 
(1947) 
Present series Mild: Nodular lesions in less than Severe: Nodular lesions in more 


50% of glomeruli than 50% of glomeruli 


of the renal arteries (Hall, 1952). Five such cases were present in the series 
and, although not strictly covered by the above definition, they have all been 
included in the ‘severe’ group (Plate 30, Fig. 5). 
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Table I gives the incidence figures recorded by other observers. It includes 
only those series which contain not less than 100 cases. In Table II the defini- 
tions appropriate to the various grading systems used by each of these authors 
are summarized. In each Table the present figures and definitions are included 
for comparison. It is seen that the figures vary greatly according to different 
observers, although Table I does not include the two extremes reported in the 
literature, each based on a series of less than 100 cases: the lowest incidence, of 
16 per cent., is recorded by Graef (1941), and the highest incidence, of 82 per 
cent., is recorded by Zins (1949). As most of the authors record a greater number 
of cases of glomerulosclerosis in the milder grades, the overall incidence figures 
depend on what each author considers to be the earliest manifestation of the 
condition. But it would be a misrepresentation to ‘correct’ the figures, as has 
been done in the Table given by Kimmelstiel and Porter (1948). In this review, 
for example, the incidence expressed by Goodof is reduced from 44 per cent. to 
9-9 per cent. by excluding his grades 1 and 2. Their Table is also misleading 
because it does not include several of the larger series in the literature. They 
concluded that the ‘average incidence’ is 17-1 per cent., a much lower figure 
than that suggested by the published facts. 


The Incidence of Glomerulosclerosis in Non-diabetic Patients 


The present control series of 100 patients was composed of two groups of 
50: a senile series (aged 60 years or over, but without arteriolosclerosis) and an 
arteriolosclerotic series (with severe or moderately severe renal arteriolo- 
sclerosis). The selection of these two types of controls was based on evidence, to 
be presented later, which suggested that in diabetic patients glomerulosclerosis 
increases with age, and that it is decidedly commoner in kidneys showing 
arteriolosclerosis. It appeared therefore that senile or arteriolosclerotic non- 
diabetic patients were the subjects most likely to show glomerulosclerosis if it 
were a non-specific change. Although the arteriolosclerotic series was not in- 
tentionally selected according to age, 40 of the 50 patients were over 60 years 
old, and so contained both possible aetiological factors. Among these 100 con- 
trols none showed severe glomerulosclerosis. According to the definition already 
given, only one patient in the senile series, and none in the arteriolosclerotic 
series, showed evidence of mild glomerulosclerosis. The changes in this isolated 
case were minimal, consisting of a fairly well defined hyaline nodule, measuring 
60 x 20 p, in a single glomerulus in one of the two sections examined (Plate 29, 
Fig. 2); they thus corresponded to the earliest degree of involvement which was 
seen in only three patients of the whole diabetic series. The patient in question 
was a man of 62 years, who died from myocardial failure following chronic osteo- 
myelitis of the mandible. There was no history of diabetes, and three separate 
examinations showed neither glycosuria nor albuminuria. No blood-sugar 
estimations had been carried out. 

In Table III the incidence of glomerulosclerosis in other non-diabetic series 
recorded in the literature is tabulated. Hypertensive controls and arteriolo- 
sclerotic controls are included in the same column, as an appreciable degree of 
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renal arteriolosclerosis is practically pathognomonic of hypertension (Moritz and 
Oldt, 1937). Various types of control cases other than those which can be con- 
veniently included in the tabular summary have been studied by several of the 
authors, but these additional findings are not strikingly at variance with the 
data presented. The control group examined by Zins (1949) also cannot be in- 
cluded under any of the headings in the Table. He used as controls 50 non- 


III 
Incidence of Glomerulosclerosis in Non-diabetic Patients 
renal Without Subacute or chronic 
arteriolosclerosis** hypertension glomerulonephritis 


Number Glomerulo- Number Glomerulo- Number Glomerulo- j 
of sclerosis of sclerosis of sclerosis 


Author cases % cases % cases % 

Siegal and Allen (1941) . 100* 1 100 0 me AE 
Horn and Smetana (1942) 126** 25-4 0 ee 199 6-5 
Laipply, Eitzen, and Dutra 124** 0-8 oe pe 24 12-5 

(1944) 
Goodof (1945) 107* 11 107 8-4 

100** ll 

Henderson, Sprague, and 134* 5-2 ae x 81 12-3 

Wagener (1947) 
Present series ‘ 50** 0 50 2 


diabetic patients ‘with kidney involvement, such as benign nephrosclerosis, 
chronic glomerulonephritis and chronic pyelonephritis’. He found lesions in 
16 per cent. (although the lesions in 14 per cent. were minimal), as compared 
with 82 per cent. of his diabetic series, in which the lesions in 34 per cent. were 
classified as minimal. Horn and Smetana (1942) found an incidence of 25-4 per 
cent. in non-diabetic patients with renal arteriolosclerosis, and this is above the 
incidence which they recorded in diabetics (22-9 per cent.). A modifying state- 
ment in their summary that ‘in its advanced form this condition was always 
associated with diabetes’ is not supported by any data. In the absence also of 
a clear indication of what they mean by glomerulosclerosis, the findings of Horn 
and Smetana must be regarded as unacceptable. The incidence reported by 
the other authors in hypertensive and non-hypertensive control groups varies 
considerably, though not so widely divergent as that recorded in diabetics. The 
great majority of control cases reported as showing glomerulosclerosis fall into 
the earliest or mildest grades. Well-defined nodular glomerular lesions are 
extremely uncommon, being definitely recorded in only four of all the hyper- 
tensive and non-hypertensive control patients included in Table ITI. In cases 
of subacute and chronic glomerulonephritis severe grades of glomerulosclerosis 
have been reported more frequently. The writer believes that the nodular 
hyaline lesions which may be seen in nephritis, particularly of the intracapillary 
type (Ellis’s Type 2) are not identical with the nodular lesions of diabetic 
glomerulosclerosis, and are to be distinguished by certain histological criteria. 
It is hoped that this histological differentiation may be made the subject of 
another paper. 

y When typical glomerulosclerosis of severe degree is alleged to have occurred 
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in a non-diabetic patient, it is usually found that the patient was admitted 
moribund, and investigations were incomplete, so that diabetes had not been 
excluded. There appear to be only two recorded cases of severe glomerulo- 
sclerosis in patients who were definitely known to have had neither glycosuria 
nor hyperglycaemia (Siegal and Allen, 1941 ; Bell, 1946) ; both were hypertensive. 
Even this evidence does not entirely exclude diabetes, as it is a well recognized, 
although rare, occurrence for diabetic patients to have periods in which their 
disease is apparently latent (Lawrence, 1949). Among eight patients with the 
Kimmelstiel-Wilson syndrome who died from renal failure (Hall, 1952) there 
were three in whom the diabetic state (previously requiring insulin) had sub- 
sided so that no further treatment was required. One of these three patients 
had a normal non-fasting blood-sugar one month before death. Martin and 
Alphonse (1946) also recorded two patients with glomerulosclerosis in whom 
previously proven diabetes seemed to disappear, the blood-sugar becoming 
normal. Another case in which the onset of renal failure was accompanied by 
clinical cure of diabetes was mentioned-by McManus (1950). Recently Zubrod, 
Eversole, and Dana (1951) have drawn attention to the amelioration of diabetes 
in patients with Kimmelstiel-Wilson lesions, and have described in detail three 
cases in which the reduction in insulin requirements was striking. It is thus 
possible that the few patients with glomerulosclerosis in whom diabetes is con- 
sidered to have been excluded were in fact diabetic. 

To sum up, mild glomerulosclerotic changes may be found occasionally in 
non-diabetic patients, and the frequency with which they are recorded depends 
on the strictness of the histological criteria. Severe glomerulosclerosis has been 
found very rarely in authenticated non-diabetic cases. In view of ample evidence 
from several sources that diabetes may apparently subside in the late stages 
of the Kimmelstiel-Wilson syndrome, cases occurring in alleged non-diabetics 
cannot be accepted in the absence of full investigation of glucose tolerance 


during life. 
Sex 


In the series of 120 cases there were 68 female patients, 29 of whom showed 
glomerulosclerosis, and 52 male patients, 16 of whom showed glomerulosclerosis. 
This gives an incidence of 43 per cent. in female and 31 per cent. in male patients, 
an incidence ratio of females to males of 1-4: 1. It is also to be noted that the 
severe grade of glomerulosclerosis was much more frequently seen in females, 
10 of the 14 severe cases occurring in female patients. A higher incidence of 
glomerulosclerosis in female diabetics has been noted in nearly all papers in 
which the relevant information has been given. Horn and Smetana (1942) ob- 
served that 82 per cent. of their cases of glomerulosclerosis occurred in female 
patients, whereas their whole series contained 54 per cent. of female patients. 
Laipply, Eitzen, and Dutra (1944) gave the incidence of glomerulosclerosis as 
68-6 per cent. in females and 57-9 per cent. in males, Goodof (1945) as 52 per 
cent. in females and 35 per cent. in males, Bell (1946) as 36-3 per cent. in females 
and 22 per cent. in males among patients over the age of 50, and Henderson, 
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Sprague, and Wagener (1947) as 27-1 per cent. in females and 15-5 per cent. in 
males. For the purposes of comparison the figures given by the various authors 
have been converted into ratios by suitable calculations. Expressed in this way 
the findings are recorded in Table IV. Except those of Horn and Smetana, 

whose results in other respects are completely at variance with the rest of the 
literature, they show quite good agreement, the incidence ratio of females to 


TABLE IV 
Sex Incidence of Diabetic Glomerulosclerosis 
Authors Ratio of incidence in females 
to incidence in males 

Horn and Smetana (1942) 
Laipply, Eitzen, and Dutra 12:1 
Goodof (1945) . 15:1 
Bell (1946) 1-65: 1 
Henderson, Sprague, and Wage- 

ner (1947). 1-75: 1 
Present series . 14:1 


males varying between 1-2 and 1-75, with an average of 1-5. Joslin (1946a) stated 
that, especially in recent years, there was a greater incidence of diabetes in 
female than in male patients over the age of 35 years. Rifkin, Parker, Polin, 
Berkman, and Spiro (1948) and Zins (1949) have drawn attention to this fact, 
and argued that the somewhat higher in¢idence of glomerulosclerosis in female 
patients is merely a reflection of the preponderance of females in the general 
diaVetic population. This reasoning is clearly faulty, for although the higher 
incidence of diabetes in females can obviously influence the total number of cases 
of glomerulosclerosis reported in female diabetics, it is quite irrelevant to the 
incidence of glomerulosclerosis in female diabetics. 

Although the evidence given establishes the higher incidence of diabetic 
glomerulosclerosis in women, it is much more difficult to determine from the 
literature whether, as in the present series, the more advanced grades of 
glomerulosclerosis greatly preponderate in female patients. Of the papers re- 
viewed, only that of Siegal and Allen (1941) supplies the necessary data on this 
aspect of the sex incidence. Their series contained 10 patients with advanced 
glomerulosclerosis (grades 3 and 4), of whom eight were female. The fact that 
many of the small series of advanced cases recorded in detail contained consider- 
ably more female than male patients is also suggestive. Thus Herbut (1941) 
recorded nine cases of the syndrome, six occurring in female patients, and Platt 
and Davson (1950) recorded nine cases confirmed post mortem, of which eight 
were in female patients. Ten of the 11 patients in Gilliland’s (1951) Kimmel- 
stiel-Wilson group were female. Eight of these were recorded as having lesions 
in nearly every glomerulus, and three in only occasional glomeruli. 


Age 
The incidence of diabetic glomerulosclerosis in ,the various age groups is 
recorded in Table V. The two a patients, both female, were aged 31 
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and 34 years. In both these cases glomerulosclerosis was of the earliest degree, 
but elsewhere the writer has reported advanced changes in a man aged 28 years 
(Hall, 1952). In the literature only four post-mortem cases of glomerulosclerosis 
are recorded in patients under 20 years. The youngest patient, aged 16 years 
(grade 1) occurs in the series of Laipply, Eitzen, and Dutra (1944). Goodof 
(1945) recorded glomerulosclerosis in two patients aged 17 and 19 years, and 


TABLE V 
Age Incidence of Glomerulosclerosis in 120 Diabetic Patients 
Glomerulosclerosis 
Age group 
(years) Number of patients Number % 
10-19 6 0 0 
20-29 5 0 0 
30-39 6 2 33 
40-49 15 3 20 
50-59 25 8 32 
60-69 49 23 47 
70 and over 14 9 64 


1 The percentage figures given in this and the following Tables are recorded to the 
nearest unit. 


Henderson, Sprague, and Wagener (1947) stated that their youngest patient was 
aged 18 years. The degree of involvement in these three latter cases was not 
stated. More cases have been reported in patients in the third decade (Millard 
and Root, 1948; Mann, Gardner, and Root, 1949; Alwall, Ekelund, and Oras, 
1950). Cases in the fourth decade are still more numerous, but the great 
majority of recorded cases of diabetic glomerulosclerosis have occurred after 
the age of 40 years. From the age of 40 years onwards the incidence of glomerulo- 
sclerosis in the present series shows an apparent upward trend with increasing 
age, so that half of the cases fall in the largest age group (60 to 69). All cases 
graded as severe were in patients over 50 years old. The figures of Laipply, 
Eitzen, and Dutra also show an increasing incidence after the age of 40 years, 
reaching a maximum in the seventh decade, after which the incidence declines. 
All except one of their 29 patients with severe involvement (grades 3 or 4) were 
aged 50 years or over. Bell (1946) is the only other author who has made a 
detailed analysis of his cases in relation to age. He found a considerably higher 
incidence in diabetics over the age of 50 years than under that age. After the 
age of 50 years his figures show no clear-cut relationship between the incidence 
and the age group. 

To sum up, there is general agreement that diabetic glomerulosclerosis is rare 
under the age of 30 years, and not common between 30 and 40 years. It is con- 
sidered that investigation of other large series is necessary in order to establish 
whether after the age of 40 years there is a rising incidence with increasing age. 
The part played by the duration of diabetes (see page 395) must be borne in 
mind, and the relation between age and duration of diabetes in the present series 
is discussed later. The increased survival rate of diabetic children in recent 
years is probably altering the age distribution of diabetic glomerulosclerosis, so 
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that many more cases in patients under the age of 40 years are found in recent, 
as compared with earlier, reports. 


Hypertension and Renal Arteriolosclerosis 


In considering the relation between hypertension and diabetic glomerulo- 
sclerosis it should be remembered that hypertension constitutes part of the 


TaBLE VI 
Hypertension, Renal Arteriolosclerosis, and Glomerulosclerosis in 67 Diabetic 
Patients 
Diastolic Arteriolosclerosis Glomerulosclerosis 
(to nearest of Moderate 
5mm. Hg) patients Mild or severe Mild ‘evere 
85 orless . 28 1 2 3 2 
900r95 15 5 8 10 1 
100 or more 24 4 17 6 10 
TaBLE VII 
The Relation between Arteriolosclerosis and Glomerulosclerosis in 120 Diabetic 
Patients 
Number Number with 
Renal of glomerulosclerosis Glomerulosclerosis 
arteriolosclerosis patients and grade per cent 
Mild 6 
Nil or minimal 64 8 onelils 13 
Mild 12 
Mild 25 13 ene 52 
Mild 8 
Moderate 18 12 67 
Mild 5 
Severe. 13 12 7 92 


Kimmelstiel-Wilson syndrome, so that a definite correlation is to be expected. 
The question to be considered is whether hypertension is a causal factor or 
merely an associated feature. Reliable blood-pressure records, excluding ter- 
minal figures and those found after cardiac failure had developed, are available 
in 67 cases of the present series. Table VI records the incidence of glomerulo- 
sclerosis at different levels of diastolic pressure. In the group of non-hyper- 
tensive patients the incidence of glomerulosclerosis is 17-9 per cent., and 
contrasts with the high incidence in the other two groups. The ‘probable’ 
hypertensives (with diastolic pressures of 90 or 95) show an incidence of 73-3 
per cent., and the ‘unequivocal’ hypertensives (with diastolic pressures of 100 
or more) show an incidence of 66-7 per cent., although this latter group contains 
most of the severe cases. 

Table VI also includes a record of the degree of arteriolosclerosis present in 
each of the groups, and it is seen that the degree of hypertension is roughly pro- 
portional to the degree of renal arteriolosclerosis. This is in conformity with the 
view already stated, that an appreciable degree of renal arteriolosclerosis is 
practically pathognomonic of hypertension. The correlation between diabetic 
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glomerulosclerosis and renal arteriolosclerosis is more readily seen in Table VII, 
which is based on the findings in the whole series of 120 cases. There is a striking 
increase in the frequency of the diabetic lesions with the increase in the degree 
of arteriolosclerosis. In only one case in which arteriolosclerosis was considered 
to be severe was glomerulosclerosis absent. Of the eight patients with glomerulo- 
sclerosis in whom arteriolosclerosis was absent or minimal, two were under 40, 
two over 65, and four over 70 years of age. There is general agreement in the 
literature that diabetic glomerulosclerosis is commonly associated with arteriolo- 
sclerosis, and that the more severe the arteriolosclerosis the greater the likelihood 
of glomerulosclerosis (Allen, 1941; Laipply, Eitzen, and Dutra, 1944; Bell, 
1946; Harman, 1950; and others). In the present series alone, however, there 
were eight cases (two of severe grade) in which arteriolosclerosis was absent or 
minimal. Similar exceptions have been reported by Laipply, Eitzen, and Dutra 
(1944), and by Henderson, Sprague, and Wagener (1947). It can be stated 
therefore that arteriolosclerosis is not an essential factor in the development of 
glomerulosclerosis. This conclusion is in disagreement with Bell (1946), who 
had not seen glomerular lesions in the absence of arteriolosclerosis, and con- 
cluded that ‘the arteriolar disease in some way brings about the “‘intercapillary”’ 
lesions ; but a severe arteriolosclerosis did not produce glomerular lesions of any 
kind in one-third of the cases’. It seems more likely that the reverse situation 
obtains, and that diabetic glomerulosclerosis in some way produces arteriolo- 
sclerosis. Bell found that, in diabetic patients over the age of 50 years, the in- 
cidence of arteriolosclerosis was 81-3 per cent. in women and 72-9 per cent. in 
men. In the present series a similar sex difference can be demonstrated in the 88 
patients over the age of 50 years. Arteriolosclerosis, excluding a minimal 
degree, was found in 68 per cent. of women and 46 per cent. of men. Bell con- 
sidered that the greater frequency of glomerular lesions in women was probably 
attributable to the greater intensity of arteriolosclerosis in this sex. In view 
of the fact that the female group is necessarily weighted by the inclusion of more 
cases of glomerulosclerosis than are found in the male group, Bell’s inter- 
pretation is a matter more of opinion than of logic. The reverse argument, that 
the higher incidence of arteriolosclerosis in female diabetics is attributable 
mainly to the higher incidence of glomerulosclerosis in women, would be equally 
valid. 

The findings in the literature show a definite relation between hypertension 
and glomerulosclerosis, but this relation is much less constant than that found 
between arteriolosclerosis and glomerulosclerosis. The criteria on which a diag- 
nosis of hypertension is based vary somewhat in different reports, but the quoted 
figures are not widely divergent. Thus Laipply, Eitzen, and Dutra (1944) con- 
sidered hypertension to be present in 64-6 per cent. of cases of glomerulosclerosis, 
Goodof (1945) in 50 per cent., Henderson, Sprague, and Wagener (1947) in 60 
per cent., and Harman (1950) in 73 per cent. The findings in the present series 
fall within the same range. It is evident that, on the average, about one-third 
of patients with glomerulosclerosis are not hypertensive. Most, but not all, of 
these are patients who have a mild degree of glomerular involvement. It is seen 
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therefore that hypertension is not an essential factor in the development of 
diabetic glomerulosclerosis. The same conclusion is reached from a considera- 
tion of studies of the sequence of events in the Kimmelstiel-Wilson syndrome. 
Thus Wilson, Root, and Marble (1951), in a study of 62 clinical cases, found that 
albuminuria was the first sign, hypertension appearing about two years later. 
Bjerkelund (1951), who followed the course of a number of cases, including 16 
terminating in uraemia, similarly found that the blood-pressure is often normal 
in the early stages. It is thus seen that the answer to the question posed at the 
beginning of this section is that hypertension is frequently associated with 
diabetic glomerulosclerosis, but that it cannot be regarded as an aetiological 
factor. 


Duration of Diabetes 

A hypothesis which obviously needs to be tested is that the development of 
diabetic glomerulosclerosis depends on the duration of diabetes, and on its 
severity and control. The present section is concerned with a consideration of 
the time factor. In most cases itis not possible to assess the duration of diabetes 
accurately, and to make use of the patient’s own recollection of the onset of 
symptoms such as polydipsia and polyuria must inevitably introduce an un- 
known variable. It was therefore decided that the only duration on which to 
base a series of comparisons was the interval between the date of diagnosis of 
diabetes and the date of death. This will be referred to as the ‘known duration’. 
It is evident that the true duration must be longer than the known duration ; 
perhaps in some cases the difference is only a few weeks or months, and in others 
several years. The inaccuracy is likely to be most marked in cases of mild dia- 
betes of insidious onset in middle-aged and elderly people. In the present series 
there are many cases in which diabetes was first diagnosed during the fatal ill- 
ness, and such cases will be excluded. For the assessment of duration of diabetes, 
therefore, only those cases have been selected in which diabetes was known to 
be present prior to the fatal illness, and in which the year of diagnosis is known. 
Thus all cases in which the duration of diabetes is stated as ‘several years’ or 
‘many years’, or in other vague terms, have also been excluded. On this basis 
a known duration can be given in 80 of the 120 cases. Thirty-four of these 80 
cases showed diabetic glomerulosclerosis, an incidence in this smaller series of 
42-5 per cent., which is not significantly different from the incidence o: 37-5 per 
cent. recorded in the whole series. Table VIII shows the incidence of glomerulo- 
sclerosis in relation to the known duration of diabetes, divided into groups each 
separated by five years. The incidence of diabetic glomerulosclerosis is over 50 
per cent. in all the patients with a known duration of six years or more, com- 
pared with 26 per cent. in the group with diabetes of less than six years’ duration. 
Of the 12 patients with severe lesions all except one were known to have had 
diabetes for more than six years. Another factor which must be considered in 
relation to the duration of diabetes is that diabetic patients are now living 
longer. This fact is strikingly shown in a Table given by Joslin (19460), record- 
ing the average duration of diabetes in the period 1898 to 1914 as 4-9 years, 
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with a steady rise to 14-1 years in the period 1944 to 1946. Of the 80 patients 
with ‘known durations’ 32 died in the years 1928 to 1938, and 48 in the years 
1939 to 1949. The earlier group shows an average duration of four and a half 
years, and contains only six cases of glomerulosclerosis, whereas the later group 
shows an average duration of nine and a half years, and contains 28 cases of 
glomerulosclerosis. 

The apparent rise in incidence of glomerulosclerosis with increasing age has 
already been discussed. The possibility must be considered that this rise is 


TaBLE VIII 


The Incidence of Glomerulosclerosis according to the Duration of — 
Diabetes (80 Cases) 


Known duration Number Number with 
of diabetes of glomerulosclerosis Glomerulosclerosis 
(years) cases and grade per cent. 

Mild 8 

Uptod. 5 35 9 26 
Mild 6 

Mild 4 

11-15. 15 8 53 
Mild 4 

16 and over. : 8 5 63 

TABLE IX 


Age Distribution of 80 Patients in Table VIII 
Numbers of patients with glomerulosclerosis in parenthesis. 


Known duration Age groups (years) 
of diabetes - 
(years) 10-39 40-49 50-59 60-69 70+ 
Upto5 . . 5 (0) 6 (1) 5 (0) 14 (4) 5 (4) 
6-10 3 (0) 5 (2) 7(7)  2(1) 
11-15 : : 3 (0) 2 (2) 3 (3) 6 (2) 1 (1) 
i 16 and over : 1 (0) 0 4 (2) 3 (3) 0 


merely a reflection of the longer duration of diabetes in the higher age-groups. 
The age-distribution of the 80 patients with known durations of diabetes is 
given in Table IX. It is seen that the incidence of glomerulosclerosis in the 
higher age-groups has not been weighted by the inclusion of many long-standing 
diabetics. There is, as it happens, a fairly even distribution of the several 
‘duration-groups’ among the various age-groups. It appears therefore that the 
duration of diabetes and age are independent aetiological factors. 

A number of authors have analysed their findings in relation to the duration 
of diabetes, and all except two have agreed that the incidence and severity of 
glomerulosclerosis increase roughly in proportion to the duration of diabetes. 
Goodof (1945) considered that there was a definite relationship, which he illus- 
trated with a graph in which the incidence rises more or less steadily to 100 
per cent. at a duration of 18 years. Henderson, Sprague, and Wagener (1947), 

| in their study of 313 diabetics, gave the average duration in patients without 
' lesions as 5-2 years, in those with mild lesions as 8-1 years, and in those with 
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advanced lesions as 11-2 years. They observed that in cases in which the known 
duration was short, and yet lesions were jesent, the diabetes was always mild, 
and might therefore have been present for years before it was detected. Colwell 
(1948), in his study of 19 cases of glomerulosclerosis from a series of 50 consecutive 
autopsies on diabetic patients, concluded that there was a clear relation to the 
duration of diabetes. He found that about two-thirds of the patients with 
glomerulosclerosis had had diabetes for more than 10 years. Zins (1949), from 
his series of 50 diabetic patients, stated that ‘there is an ascending line when 
average duration of diabetes is plotted against degree of involvement, giving 
the impression that we are dealing with a steadily progressive disease’. There 
are two groups of authors who have been unable to correlate their own findings 
with the duration of diabetes. Laipply, Eitzen, and Dutra (1944) considered 
that there was no significant relationship. Their tabular analysis includes all 
their 124 diabetic patients, so that it is obvious that cases in which a diagnosis 
of diabetes had not been made prior to the fatal illness would have been in- 
cluded in their duration group of ‘less than one year’. For reasons which have 
already been discussed, the inclusion of such cases may be expected to obscure 
any relation of glomerulosclerosis to the duration of diabetes. In spite of 
this their analysis shows that, of their 35 patients in whom the duration of 
diabetes was over 10 years, only four did not have glomerulosclerosis. Rifkin, 
Parker, Polin, Berkman, and Spiro (1948) were unable to find any definite 
correlation between the duration of diabetes and the severity of the glomerular 
lesion in their 21 post-mortem cases showing glomerulosclerosis. They recorded, 
however, that 14 of the 21 patients had had diabetes for 15 years or longer, a 
significant finding concerning which they made no comment. 

It would appear, therefore, that there is sufficient evidence in the literature, 
in addition to the present findings, to indicate that the presence, and sometimes 
the severity, of glomerulosclerosis is definitely related to the duration of the 
diabetic state. Cases which apparently do not conform to this rule are probably 
to be explained by the fact that there is sometimes no way of knowing how 
long a patient has been diabetic. 


Severity and Control of Diabetes 
It is not altogether satisfactory to assess the severity of diabetes on the basis © 
of units of insulin employed, as the dosage will vary with the diet. Yet such a 
system of grading can be expected to give a broad indication as to whether the 
development of glomerulosclerosis and its severity are likely to be dependent on 
the severity of diabetes. It is clearly necessary to restrict the analysis to 
patients, with known diabetes, who have been properly stabilized during a 
period of freedom from infection and from other complications likely to inter- 
fere with the insulin dosage. Some patients require more insulin as time goes by, 
and a few require less. The severity of the disease was therefore assessed from 
the highest regular daily dosage of insulin according to the following scheme: 
Mild: treated with diet alone, or with less than 10 units of insulin per day. 
Moderate: treated with 10 to 30 units of insulin per day. 
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Severe: treated with over 30 units of insulin per day. 
There were 65 cases in the series which could be satisfactorily assessed on this 
basis, and the incidence and grade of glomerulosclerosis in the three grades of 
severity of diabetes are given in Table X. It is seen that there is no correlation 
between glomerulosclerosis and severity of diabetes. A number of papers, such 
as those of Anson (1938), Siegal and Allen (1941), Porter and Walker (1941), 


TABLE X 
The Incidence of Glomerulosclerosis according to the Severity of 
Diabetes in 65 Treated Patients 
Number Number with 
of glomerulosclerosis, Glomerulosclerosis 
patients and grade per cent. 
Mild 4 
Mild diabetes . . 15 7 rain 47 
. Mild 4 
Moderate diabetes . 14 6 43 
Mild 11 
Severe diabetes 36 18 50 


and Lefeber and Decherd (1946), have emphasized the fact that many of the 
cases of glomerulosclerosis occur in patients with mild diabetes, often requiring 
little or no insulin. Their impressions are not borne out by authors who have 
specifically examined their cases, both with and without glomerulosclerosis, in 
relation to the severity of diabetes. Laipply, Eitzen, and Dutra (1944) found no 
correlation between the presence or degree of development of the glomerular 
lesions and the degree of diabetes. Correction of the arithmetical errors in their 
Table makes the lack of correlation more evident. Henderson, Sprague, and 
Wagener (1947) reached a similar conclusion. Rifkin, Parker, Polin, Berkman, 
and Spiro (1948), in an analysis of their 45 clinical cases, emphasized the fact 
that the diabetes was generally mild, but in a further analysis of the 22 cases 
confirmed by post-mortem examination they were unable to find any correlation 
with the severity of diabetes. Mann, Gardner, and Root (1949) noted that 
diabetes was severe in their 43 clinical cases of glomerulosclerosis in which the 
onset of diabetes occurred before the age of 30 years. Confirmation of the 
diagnosis was obtained in seven of the eight cases which came to post-mortem 
examination. Root, Sinden, and Zanca (1950), whose patients probably in- 
cluded those investigated in the latter paper, found that 85 per cent. of the 51 
diabetics with ‘nephritis’ required over 30 units of insulin per day. Gilliland 
(1951) noted that his group of 11 cases of the Kimmelstiel-Wilson syndrome con- 
tained both severe and mild cases of diabetes. It is seen, therefore, that the 
present findings support those of the majority of recent writers in suggesting 
that glomerulosclerosis occurs in both mild and severe diabetes, and is not, as 
was generally held at one time, predominantly a disease of patients with mild 
diabetes. The prevalence of the latter view is possibly explained by the recent 
studies by Zubrod, Eversole, and Dana (1951) of the effects of renal disease on 
the severity of diabetes. These investigators have demonstrated a progressive 
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reduction of insulin requirements in many patients with glomerulosclerosis. 
Thus patients observed only in the terminal or pre-terminal stages of the 
Kimmelstiel-Wilson syndrome may falsely appear to have mild diabetes. 
Wilson, Root, and Marble (1951) have also drawn attention to this anomaly. 

The part played by the control of diabetes is probably much more important, 
though difficult to assess from factual evidence. No attempt has been made in 
the present investigation to assess the degree of diabetic control, which it is felt 
cannot be estimated satisfactorily by the retrospective study of clinical records. 
Horn and Smetana (1942) and Goodof (1945) expressed the view that insulin 
treatment was not responsible for the development of glomerulosclerosis, but 
their investigations did not consider the possible part played by diabetic control. 
Gilliland (1951), whose paper was also based on the study of clinical records, 
noted that in some of his 11 cases of the Kimmelstiel-Wilson syndrome diabetic 
control had been easy, but in others difficult. Dolger (1947), who made first- 
hand clinical observations of 55 juvenile diabetics, was unable to find any signi- 
ficant relation between the average time of onset of retinal haemorrhage and 
the efficiency with which the diabetes was controlled. He regarded retinal 
haemorrhage as the first sign of the progressive vascular degeneration of which 
glomerulosclerosis is one manifestation. Several recent clinical papers from the 
workers at the New England Deaconess Hospital, Boston, have expressed a 
different view. White and Waskow (1948), in their study of diabetes beginning 
in childhood, considered that poor control was a significant factor in the de- 
velopment of vascular degenerative changes, including diabetic ‘nephritis’. 
Mann, Gardner, and Root (1949) considered that glomerulosclerosis was ‘per- 
haps related to poor control’. Two recent papers from the Boston workers 
(Root, Sinden, and Zanca, 1950; Wilson, Root, and Marble, 1951) expressed a 
much less guarded opinion based on convincing evidence. In the latter paper it 
was stated that, of 37 patients who maintained good or excellent control, none 
showed any signs of renal disease, even after 20 to 34 years of diabetes. In con- 
trast, of the 62 patients with clinical evidence of renal involvement, 80 per cent. 
had been poorly controlled, and the other 20 per cent. only fairly controlled. 
Similarly, unlike Dolger (1947), Root, Sinden, and Zanca (1950) found that poor 
diabetic control greatly increased the incidence of retinitis. There is thus 
a growing clinical opinion that the Kimmelstiel-Wilson syndrome, which in- 
cludes retinitis and the symptoms which the above writers refer to as ‘diabetic 
nephritis’, is related not to the severity of diabetes but to its poor control. 
Further careful clinical observation is required to confirm this opinion, which at 
present is mainly based on impression. 


Factors of Dubious Significance 
Amyloid. There is sometimes a superficial histological resemblance between 
diabetic glomerulosclerosis and renal amyloidosis, and it is therefore necessary 
to exclude their identity. Stains for amyloid (both Congo red and methy] violet) 
were used in eight of the cases of severe glomerulosclerosis in the present series. 
The results were all negative. Similarly, the results of amyloid stains used by 
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Allen (1941) and by Laipply, Eitzen, and Dutra (1944) have been negative. 
Less definite, or opposing, views have also been expressed. Fahr (1942) de- 
scribed how he erroneously reported in 1924 a case of glomerulosclerosis as an 
atypical form of amyloid disease, the Congo-red reaction being positive. He 
had since formed the opinion that the Congo-red reaction could not be regarded 
as specific when other stains for amyloid were negative. Henderson, Sprague, 
and Wagener (1947) compared the sections of the kidneys from 12 cases of 
amyloidosis with those from four cases of diabetes with advanced glomerulo- 
sclerosis. They concluded that staining methods (types not specified) gave 
insufficient evidence to permit a positive differentiation. They pointed out, how- 
ever, that in their cases of amyloid disease the spleen or adrenal gland, or both, 
were equally affected, such changes in other organs being absent in the diabetic 
cases. Bogliolo (1945) considered that the lesions in glomerulosclerosis were an 
atypical form of amyloid, although he did not provide any convincing argument 
in favour of this opinion. Moreover it appears, although itis not definitely stated, 
that the amyloid reactions were negative in his five cases of diabetic glomerulo- 
sclerosis. Most pathologists would agree that amyloid stains are frequently 
capricious, so that the equivocal findings reported by the writers mentioned 
above cannot be regarded as significant. There is nothing to support the idea 
that glomerulosclerosis has any relation either to primary or to secondary 
amyloid disease, and the opinion expressed by Bogliolo can only be viewed as 
eccentric. 

Cirrhosis of the liver. Berthoud (1946) considered that cirrhosis of the liver 
was an aetiological factor in some cases of glomerulosclerosis. He based this 
opinion on the fact that four of the 15 patients with glomerulosclerosis reported 
in his paper had cirrhosis, and pointed out that three of 13 patients reported by 
Spiihler and Zollinger (1943), and one of four reported by Auroi (1943), also 
showed cirrhosis. He considered that the diabetes in these cases was of extra- 
pancreatic origin, and that the renal lesion resulted from disturbances of protein 
metabolism possibly connected with hepatic insufficiency. Such a theory appears 
to be far-fetched, and Berthoud’s own statement that he had not seen glomerulo- 
sclerosis in patients with haemochromatosis makes it unlikely that there is any 
causal relationship between diabetic glomerulosclerosis and cirrhosis of the liver. 
In the present series there were two cases of haemochromatosis, and four cases 
of hepatic cirrhosis of other types. In the latter group two of the four cases 
showed glomerulosclerosis, one mild and one severe. Neither of the cases of 
haemochromatosis showed glomerulosclerosis, and no glomerular lesions have 
been seen in three other cases of haemochromatosis not included in the series. 
The writer’s findings therefore do not suggest that there is any aetiological 
relationship between cirrhosis and glomerulosclerosis. It is probable that the 
high incidence of cirrhosis in the cases reported by Berthoud is coincidental, 
especially in view of the fact that it is recognized that cirrhosis may follow 
the long-standing fatty infiltration of the liver which sometimes results from 
diabetes (Himsworth, 1947). It seems that fatty infiltration and cirrhosis of the 
liver, as well as glomerulosclerosis, would be more likely to develop in patients 


| 


AETIOLOGY OF DIABETIC GLOMERULOSCLEROSIS 401 


with poorly controlled diabetes. In accordance with the findings already re- 
corded, no reports of glomerulosclerosis occurring in haemochromatosis have 
been found in the literature. This may be due to the short duration of diabetes 
in these cases, since few patients suffering from haemochromatosis survive for 
many years after the development of diabetes. 


Glomerulosclerosis as One Manifestation of a Generalized Vascular 
Degeneration in Diabetics 

The Kimmelstiel-Wilson syndrome in its fully developed form consists of gross 
albuminuria, nephrotic oedema, impairment of renal function, hypertension, 
and diabetic retinopathy. The first three of these signs are attributable to dia- 
betic glomerulosclerosis. When death occurs from renal failure, the writer has 
shown that much of the renal damage is attributable to severe atheromatous 
narrowing of the renal arteries (Hall, 1952). The early development and severity 
of atheroma in the coronary and peripheral arteries of diabetic patients are well 
known. Hypertension and arteriolosclerosis, it has been seen, although not 
necessarily interdependent, are frequently associated with glomerulosclerosis. 
The occurrence of capillary aneurysms in the retinal vessels of patients with 
diabetic retinopathy was first demonstrated by Ballantyne and Loewenstein 
(1943). This investigation has been extended by Friedenwald (1948) and Ashton 
(1949), who have also examined the relationship between renal and retinal 
changes. The view expressed by both these writers, that diabetic glomerulo- 
sclerosis and retinopathy are manifestations of the same vascular process, is more 
acceptable than that of Redslob (1948), who considered the retinopathy to be 
secondary to the renal changes. Diabetic glomerulosclerosis, atheroma, hyper- 
tension, arteriolosclerosis, and retinal micro-aneurysms thus appear to represent 
different manifestations of a generalized vascular degeneration in diabetic 
patients. That there are aetiological factors common to several of these mani- 
festations is evident, and it is hoped that the detailed study of some of the 
factors involved in diabetic glomerulosclerosis will contribute to the larger 
problem of the aetiology of vascular degeneration in diabetics. 


I wish to record my thanks to Professor H. A. Magnus for his advice and 
criticism regarding the preparation of this paper ; to Professor T. F. Hewer and 
Professor G. Hadfield for the use of material from their Departments; and to 
the clinicians from whose records abstracts have been made, particularly to 
Dr. R. D. Lawrence and Dr. W. G. Oakley, who have also been helpful in many 
ways. I am indebted to Mr. G. A. Harwood for the histological preparations, 
and to Mr. W. Smith for the photomicrographs. 

The present paper is based on part of a thesis for the degree of M.D. accepted 
by the University of Bristol in June 1950. 


Summary 
1. Findings relevant to the aetiology of diabetic glomerulosclerosis in a series 
of post-mortem examinations of 120 diabetic patients are discussed in relation 
to findings in the literature. 
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2. Diabetic glomerulosclerosis was mild in 31 cases and severe in 14 cases, the 
total incidence being 37-5 per cent. The incidence recorded in the literature 
varies between 16 and 82 per cent. 

3. In 100 non-diabetic controls an isolated lesion of glomerulosclerotic type 
was found in one case only. Although some writers have recorded a considerably 
higher incidence in non-diabetic patients, glomerulosclerosis of severe degree is 
very rarely, if ever, seen except in diabetics. 

4. Diabetic glomerulosclerosis is about 1-5 times as common in women as in 
men. 

5. Diabetic glomerulosclerosis is uncommon under the age of 40 years. In 
the present series the incidence increased progressively with age. 

6. Hypertension and renal arteriolosclerosis are conditions associated with 
diabetic glomerulosclerosis, but cannot be regarded as aetiological factors. 

7. Glomerulosclerosis shows a definite increase in frequency with the duration 
of diabetes. This factor does not entirely account for the seein incidence in the 
older age-groups. 

8. Glomerulosclerosis occurs in both mild and severe diabetics. Clinical 
observations in the literature suggest that poor diabetic control is a potent 
aetiological factor. 

9. Diabetic glomerulosclerosis is not related to amyloid disease or cirrhosis 
of the liver. 

10. Glomerulosclerosis is to be regarded as one manifestation of a generalized 
vascular degeneration in diabetic patients. 
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Fic. 1. A glomerulus containing several typical Fic. 2. The only glomerulus containing a definite 
nodular (Kimmelstiel- Wilson) lesions. Note the nodular lesion found among 100 non-diabetic con- 
severe hyalinization of the adjacent arteriole trols (haematoxylin and eosin, x 230) 


(haematoxylin and eosin, x 230) 


val 


Fic. 3. Mild diabetic glomerulosclerosis. Only one glomerulus in this representative field contains a small 
nodular lesion (x 105) 


The sections from which this and the two following figures were prepared were stained with periodic-acid-Schiff 
reagent. This reagent stains a deep purple the normal basement membranes of glomeruli and tubules, and 
hyaline material, including that of diabetic lesions and sclerotic arterioles. There is no nuclear counterstain. 


ORO 


Fic. 4. Severe diabetic glomerulosclerosis. Most of the glomeruli contain nodular lesions which show character- 
istic variation in size (periodic-acid-Schiff reagent, 105) 


Fic. 5. Severe diabetic glomerulosclerosis modified by severe atheromatous narrowing of the renal arteries. In 

this end-stage many of the glomeruli show partial or complete ischaemic obliteration, although nodular lesions 

ean still be recognized in some. Many groups of tubules are atrophic, with wrinkled, hyalinized basement mem- 
branes (periodic-acid-Schiff reagent, x 105) 
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THE ARTICULAR AND OTHER LIMB CHANGES IN 
ACROMEGALY? 


A Clinical and Pathological Study of 25 Cases 


By J. H. KELLGREN, J. BALL, anp G. K. TUTTON 


(From the Rheumatism Centre and the Department of Neuro-Surgery, 
Manchester University) 


With Plates 31 to 38 


In the reports of Marie’s original cases of acromegaly (1886) attacks of rheu- 
matism and pains in the limbs and back figure prominently, and in a later 
publication (Marie and Souza-Leite, 1891) the authors said that the joints, 
though not invariably affected in acromegaly, were frequently enlarged, crepi- 
tant, and painful. Shortly afterwards Middleton (1894) described an acrome- 
galic man who was crippled by subluxations and other deformities of many 
joints, and since then peculiar articular changes in patients with acromegaly 
have been reported by several writers, notably Cooper (1908-9), Herzog (1925), 
Ballmann (1926), and Wakeley (1935). Atkinson (1932) in his review of 1,319 
reported cases of acromegaly, noted the occurrence of limb pains in half the 
patients, and findings such as enlargement of the joints, deformities, disorders 
of mobility, and synovial effusions were apparently mentioned often enough for 
him to consider joint changes as one of the characteristic features of acro- 
megaly. With the realization that acromegaly resulted from a disorder of the 
pituitary (Tamburini, 1894; Benda, 1900) the interest of many workers shifted 
from the limbs to the region of the sella turcica (Cushing, 1912), and to the endo- 
crine, visceral, and metabolic aspects of this fascinating and complex disease 
(Cushing and Davidoff, 1927; Davidoff and Cushing, 1927; Teel and Cushing, 
1930). So complete was this shift of interest that Davidoff (1926) failed to men- 
tion the joints when reviewing the clinical features of 100 cases of acromegaly, 
although disorders of the joints were mentioned in some of Cushing’s (1912) case 
reports. In spite of this, Erdheim (1931) and Waine, Bennett, and Bauer (1945) 
published interesting descriptions of some of the morbid anatomical features of 
acromegalic joint disease from studies of autopsy material, and we are now 
reporting the results of a clinical and radiological study of the articular and 
other limb changes found in 25 cases of acromegaly, together with a pathological 
study of material from two autopsies, because our findings are of some interest, 
and because we feel that they may contribute something to an understanding 
of the wider problem of connective-tissue metabolism. 


1 Received February 20, 1952. 
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Patients Investigated 


Enlargement of the hands and feet, together with coarsening of the features, 
were the criteria used for the diagnosis of acromegaly. All our 25 patients had 
also some clinical or radiological evidence of a disturbance in the region of the 
pituitary fossa, and indeed most of the patients were attending the Department 
of Neuro-Surgery on account of these neighbourhood signs; but five patients 
had been referred to the Rheumatism Clinic for disabling joint disorders, and 
three were seen through the courtesy of other physicians, to whom we are most 
grateful. Of the 25 patients nine were male and 16 female, and their ages ranged 
from 13 to 67 years, the mean age for the group being 43 years. The two youngest 
patients, a lad of 13 years who was over 6 feet, and a woman of 24 years who 
was 6 feet 5} inches in height, might be considered giants, but the remaining 
patients were not remarkably tall. The estimated duration of the disease varied 
from one year to 45 years, with a mean of 10 years for the group, though this 
is probably a low estimate because of the insidious onset of acromegaly. In 14 
cases no radical treatment had been undertaken, but six patients had undergone 
operation for failing vision, four had had X-ray therapy, and one patient had 
had both operation and X-ray treatment. The history of each patient was re- 
viewed with special reference to symptoms in the limbs and back. One of the 
authors (J. H. K.) then carried out a systematic examination of the back- and 
limb-joints, the bursae, muscles, tendons, skin, and other limb structures. 
X-rays were then taken of the hands, feet, knees, and spine, and of certain other 
joints where indicated ; in some cases a number of biochemical and other tests 
were performed, and biopsy material was obtained from the joints. 
Clinical and Radiological Findings 

The clinical features of acromegaly are complex and variable, and every 
system in the body may be affected; but the purpose of the present paper is 
to describe certain changes in the limbs which have not previously received 
adequate attention. The main findings in each patient are listed briefly in 
Table I ; in the text we shall describe the articular and other limb changes found 
in the group as a whole. 

Limb pains. Of the 25 patients with acromegaly nine had never suffered from 
significant pains in the limbs or back. Of the 16 patients who had pain, three 
were crippled by severe disorganization of many joints; the remainder had 
suffered to a varying degree from pains felt deeply in the limbs and back, and 
from a variety of articular symptoms. In three patients the presenting symp- 
tom of acromegaly had been a painful swelling of the finger-joints, which was 
at first considered to be rheumatic in nature, and the finger-joints were the 
joints most frequently affected in the group as a whole. In four instances low 
back pain was the presenting sympton, and altogether eight patients suffered 
from disabling back pain, which was severe enough in two cases to warrant the 
wearing of a full posterior spinal support. Pain in the knees, with recurrent 
swelling of these joints, was mentioned by eight patients, and the shoulders, 
ankles, hips, wrists, and elbows were also occasionally affected. These limb 
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pains were usually accompanied by a feeling of weakness and instability; a 
complaint of stiffness, which is a feature of most forms of joint disease, was 
notably absent. Three patients also gave a history of burning pain in the fingers 
accompanied by tingling and other paraesthesiae, and a further three patients 
complained of paraesthesiae in the hands. Of these six patients with paraes- 
thesiae in the hands two also had paraesthesiae in the feet and elsewhere. These 
symptoms were considered to be different from the more usual limb pains, and 
they were usually associated with signs of peripheral nerve lesions, which will 
be described later. 

Joint changes. Some enlargement of the limb-joints was noted in all the 25 
patients. In some cases enlargement was only obvious in the hands and feet, 
but in half the cases the knees and other large joints were also affected. This 
enlargement in most instances resulted from thickening of the joint capsule, 
though in four patients (Cases 1, 2, 3, and 6) bony outgrowths round the joints 
were largely responsible. Synovial changes were common. A palpable thicken- 
ing of the synovial membrane of the knees was noted in 13 patients, 10 of whom 
also had effusions in the knee-joints. In some instances the effusions were 
small, but very large and crippling effusions had been present for two years in 
Case 2, and six other patients (Cases 1, 4, 7, 11, 14, and 23) suffered from re- 
current disabling effusions, which often followed trivial injuries. There was also 
some thickening of the bursae in 14 cases, the prepatellar, olecranon, and sub- 
acromial bursae being affected in that order of frequency ; no effusions in the 
bursae were observed. The capsular ligaments were often lax and rather soft 
in consistency, as well as being thickened, and this condition resulted in an ex- 
cessive range of movement (Plate 31, Fig. 1). Abnormal mobility was most 
apparent in the extremities and in the spine, but in the more severe and rapidly 
progressive cases the large limb-joints were also affected. In only five patients 
was the range of joint motion considered to be normal. In seven it was slightly 
excessive, in eight it was markedly excessive and accompanied by abnormal 
lateral and gliding movements, and in two patients (Cases 2 and 7) it had pro- 
duced subluxations in many joints. Abnormal mobility of the extremities was 
a common feature of the early cases, and we agree with Herzog (1925) in con- 
sidering this finding to be a useful diagnostic sign. In Case 1 there was severe 
restriction of motion, especially in the left hip, and in Case 3 there was severe 
limitation of movement in most of the joints. In Case 14 there was restriction of 
motion in the knees, and in Case 2 in one hip. Thus some restriction of motion 
was noted in four cases. This restriction usually resulted from marked bony 
outgrowths and deformities of the bone-ends, but also to some extent from 
osteoarthritic changes, especially in the first patient, who had developed a 
typical osteoarthritis of the left hip after an injury (Plate 34, Fig. 6c). There 
was a severe dorsal kyphos in 10 patients, and a slight kyphos in six, the re- 
maining nine having no significant spinal deformity. Except in two patients 
(Cases 1 and 3), who had marked limitation of movement in many joints, 
the spinal movements were considered to be normal or increased in range, 
and this combination of deformity with excessive mobility was probably 
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Case Age 
ears) 
1 67 
2 66 
3 66 
4 57 
5 53 
6 52 
7 50 
8 50 
9 50 
10 50 
11 48 
12 47 
13 45 
14 . 45 
15 42 
16 42 
17 40 
18 38 
19 37 
20 37 
21 32 
22 31 
23 27 
24 24 
25 13 
Autopsy case: 


Sex 


TABLE I 


Acromegalic process 
Moderate. Progressing very slowly for 45 
years 


Severe. Rapidly progressing. Died after 10 
years 
Severe. Slowly progressing for 35 years 


Severe. Progressive. Duration 13 years. 
Operation and X-ray therapy 10 years ago 
with temporary improvement 

Moderate. Rapidly progressing for 3 years. 
Sudden death at home 

Severe. Progressed very slowly for 20 years. 

Severe. Rapidly progressive. Died after 8 

years 


Moderate. Duration 20 years. Now pro- 
bably stationary. Operation ene year ago: 
vision and limbs improved 


Moderate. Slowly progressing for 7 years 


7“. Slowly progressing for 6 years. 
Recent operation 

Moderate. Started 10 years ago. Now sta- 
tionary. Tending to hypopituitarism since 
X-ray therapy 7 years ago 

Moderate. Slowly progressive for 10 years. 
Operation 2 years ago: vision improved, 
limbs unchanged 

Moderate. Progressing for 4 years 


Severe. Progressing slowly for 10 years 


Slight. Progressed rapidly for 1 year. 
Operation 2 years ago: vision restored, 
limbs stationary 

Moderate. Progressing for 4 years 


Slight. Started 15 years previously. Qui- 
escent since operation 13 years ago 


Slight. Progressive for 2 years. Recent 
X-ray therapy 

Moderate. Progressing for 5 years. X-ray 
therapy 4 years ago with temporary im- 
provement 


Slight. Progressing for 2 years 
Severe. Progressing rapidly for 4 years 


Moderate. Progressing for 3 years. Died 
after operation elsewhere 


Moderate. Progressing for 7 years 


Moderate. een. height 6 ft. 5} in. 
Duration 10 to 15 years 


Moderate. Giant, height over 6 ft. Rapidly 
progressing for one year. Recent X-ray 
therapy 


Severe. Progressing in spite of operation 4 
years ago, which restored vision. Died 5 
years from onset of symptoms; bands and 
feet large for very many years 


Kyphos 


None 


Severe 


Slight 


The Main Findings in 25 Cases of 


Joint changes 


by polyarthritis. Marked bony 

rgement of joints, with limitation of 
movement. Secondary osteoarthritis of left 
hip. Hypertrophic joint changes 

~ pled by severe polyarthritis, with large 

usions and subluxation. Marked hyper- 

pe and atrophic X-ray changes 

Crippled by severe polyarthritis. Slight syno- 
vial changes, but marked hypertrophic X-ray 
changes 

Pains in limbs and back. Synovitis of knees. 
Marked atrophic and slight hypertrophic 
X-ray changes 

Pains in back and limbs. Synovial thickening. 
Slight hypertrophic X-ray changes 

Slight synovial thickening. Marked hyper- 
trophic X-ray changes 

Pains in back and limbs. Very marked excess 
of mobility, with subluxation. Synovial 
thickening and effusions in knees. Atrophic 
X-ray changes 

Slight synovial thickening. Excessive mobility 

in limbs and back. Moderate hypertrophic 

od atrophic X-ray changes 

Pains in limbs and back. Slight synovial 
thickening. Slight bone changes 


Slight pain in back. Slight synovial thickening 
and excess of mobility. Slight bone changes 
Pains in limbs. Effusions in knees. Slight 

hypertrophic and atrophic bone changes 


Pains in limbs. Moderate “OO thickening, 
slight effusions in knees. oderate hyper- 
trophic and atrophic bone changes 

Pains in back and limbs. Synovial thickening 
and marked excess of mobility. Slight pond 
changes 

Pains in back and limbs. Effusions in knees 
with restricted motion. Moderate hyper- 
trophic and atrophic bone changes 

a thickening and excess of 

ty 


— enlarged, but otherwise normal. 
Clubbed fingers and toes. Moderate hyper- 
trophic and atrophic bone changes 
Normal except for moderate hypertrophic 
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responsible for much of the back pain encountered in these patients. A further 
index of excessive mobility was obtained from the degree of straight leg- 
raising, which ranged from 90° to 170°, with a mean of 130° for the whole 
group. 

Changes in other structures. The tendons were not obviously abnormal in 
most of these patients, although one man (Case 14) suffered from recurrent 
locking of the right index finger due to a large nodule in the long flexor tendons 
at the level of the metacarpo-phalangeal joint, and another male patient (Case 6) 
had palpable nodules at the same level in several of the flexor tendons in both 
hands. The muscles were generally rather soft and bulky, but their strength did 
not appear to be commensurate with their bulk ; the muscle power was generally 
below normal. In only one man (Case 18) was there marked generalized weak- 
ness and wasting of all the muscles. The skin was thickened and rugose in 22 
of the 25 patients; it was also lax and voluminous in 13 cases, and in six in- 
stances there were loose bags of skin over the elbows and knees. There was also 
much thickening of the subcutis in the hands and feet and on the face, but on 
the trunk this was difficult to estimate, because the presence or absence of 
obesity gave rise to great variations in the thickness of the subcutis. In 18 
patients the skin and subcutis had a peculiar texture, being described as soft 
and gelatinous in 11 cases and rubbery in seven. This alteration of texture 
seemed to affect all the limb structures, and corresponded fairly well with the 
excessive mobility already mentioned. One woman (Case 16) had a deformity 
of the fingers and toes resembling clubbing, but the pulp was more affected than 
the nail-bed, so that the resemblance was only superficial. 

Radiological changes. The well-known hypertrophic changes in the spine and 
costo-chondral junctions, and tufting of the terminal phalanges, were present 
to a greater or less extent in most of our 25 patients, but we wish to draw atten- 
tion to other radiological changes, especially in the limb-joints, which appear to 
be equally characteristic of acromegaly, and which may to some extent be 
related to the limb pains and other articular disabilities which are a notable 
feature of this disease. The most characteristic finding was an increased joint- 
space. This was present in 23 of our 25 patients. The separation of the bone- 
ends presumably results from the thickening of the articular cartilage and other 
soft tissues, which is noted in autopsy and biopsy studies. The joint-space may 
be two to three times the normal width, and this is most clearly seen in the 
metacarpo-phalangeal joints, as illustrated in Plate 31, Fig. 2; but it is also 
evident in all the limb-joints. The general increase of the soft tissues in the 
extremities also gives rise to a wide separation and dispersal of the small bones 
in the hands and feet, as shown in Plate 32, Fig. 3a. In the metatarsals and 
metacarpals there is a remarkable remodelling of the bones. The trabeculae in 
the bone-ends become thickened and much more widely spaced, giving a general 
appearance of porosis, while the shafts become narrow and dense. The neck of 
the bone disappears, so that there is a sudden transition from a dense, narrow, 
pipe-stem shaft to a squared, porotic, and sometimes atrophic bone-end. These 
appearances were described by Curschmann (1906) and von Bonin (1912-13), 
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who thought that they represented atrophic bone changes, as distinct from the 
more widely recognized hypertrophic changes. Such atrophic changes may also 
affect the phalanges, especially in the feet (Plate 33, Fig. 4). There are similar 
changes in the ends of the larger limb bones, but the shafts of these bones are 
usually wider than normal (Plate 33, Fig. 5). Although some changes in the 
bone-ends were noticed in all cases which showed radiological bone changes, 
the narrowing of both the metacarpal and metatarsal shafts was obvious in only 
nine cases, and in four others the feet only were affected. In four cases the shafts 
of all the bones were wider than normal, and in these patients there were also 
massive bony outgrowths round the joints, as well as deformity of the bone-ends 
(Plate 31, Fig. 2b; Plate 34, Fig. 6b). Changes of this type were seen in the 
three patients with slowly progressive acromegaly who had notable limitation 
of movement in their joints (Cases 1, 3, and 14). One patient (Case 1), who had 
injured his left hip 15 years previously, also showed a severe osteoarthritis of 
* this joint, with narrowing of the joint-space and sclerosis of bone (Plate 34, 
Fig. 6c). The difference between this osteoarthritis and the acromegalic change 
in the hip-joint is well shown by comparison with Plate 34, Figs. 6a and 6b. 
Thus, although all acromegalics tend to have an increased joint-space and some 
alteration of the bones, the bony changes in the limbs are by no means always 
hypertrophic, and in the extremities peculiar atrophic appearances are by no 
means uncommon. Although a few acromegalic patients may have an associated 
osteoarthritis of one or more joints, the radiological appearances of acromegalic 
joint disease are quite unlike those of any other disease. 

Some generalized osteoporosis was noted in three middle-aged women (Cases 2, 
3, and 5). These patients also had severe joint changes. In addition Case 23, 
a woman of 27 years, had marked osteoporosis of the spine ; but apart from these 
cases the bone changes appeared to be more in the nature of a remodelling than 
a true porosis. Isolated cystic appearances were seen in one phalanx in Cases 14 
and 15, but neither of these patients had marked generalized bone changes, so 
that the significance of these cysts is not clear. 

Summary of joint changes. There appear to be two clinical types of acrome- 
galic arthropathy. In one, massive bony outgrowths and deformity of the bone- 
ends lead to gross limitation of movement in many joints. This condition is 
relatively uncommon, and usually occurs in long-standing, slowly progressive 
cases of acromegaly. The other, more common, condition is characterized by 
pains in the limbs and back and a soft-tissue enlargement of the joints, with 
excessive and abnormal mobility, synovial thickening, and recurrent effusions. 
The characteristic radiological finding is an increased joint-space, with re- 
modelling of the bone-ends. This picture is unlike that of osteoarthritis or rheu- 
matoid arthritis, and is best described as acromegalic joint disease. A raised 
erythrocyte sedimentation rate was found in many of the acromegalic patients ; 
although the rates tended to be higher in those with severe joint disease, the 
significance of this finding is doubtful; and it has only been mentioned because 
of the tendency to confuse acromegalic joint disease with rheumatoid arthritis 
in certain early cases. 
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Peripheral nerves. Peripheral nerve lesions are a well recognized feature of 
acromegaly. We have already mentioned the occurrence of paraesthesiae in six 
of our patients, but the most interesting finding consisted of bilateral median- 
nerve lesions at the wrist in three of these patients (Cases 3, 4, and 9). The first 
(Case 3), a woman with gross acromegaly of 35 years’ duration and crippling 
joint changes, gave a history of severe burning pains and paraesthesiae in the 
hands 30 years previously. After a few years the pain subsided, leaving the 
thumbs, index fingers, and middle fingers numb. On examination there was 
anhidrosis and complete loss of sensibility to touch and pain within the median 
area in both hands, and there was severe wasting of the lateral half of the thenar 
eminences. Active abduction of the thumbs was absent, but they could be 
opposed normally. The long flexors of the fingers, thumb, and wrist all con- 
tracted normally. The second patient (Case 4), a woman with gross acromegaly 
of 13 years’ duration and considerable joint changes, gave a history of severe 
burning pain and tingling in the hands 10 years previously. At that time she — 
was given X-ray therapy to the pituitary, and after a year or two the pains in 
the hands improved, leaving the thumbs, index fingers, and middle fingers numb. 
Examination revealed anhidrosis and complete loss of sensibility to touch and 
pain within the median area in both hands. There was only a very narrow patch 
of wasting along the lateral border of both thenar eminences, the thumbs could 
be abducted and opposed normally, and all the long flexors of the fingers and 
wrist contracted normally. The third patient (Case 9), who suffered from 
moderate acromegaly of seven years’ duration, stated that she suffered from 
severe pain in all the digits of both hands. These pains were accompanied by 
burning and tingling, and came in attacks ‘like electric shocks’. Thev had be- 
come increasingly severe over the past three years, and now prevented her from 
sewing, washing, or doing any useful work with her hands. She said that her 
fingers and thumbs were weak and useless. On examination there was abnormal 
sensibility within the median area in both hands. Firm stroking of the skin gave 
a tingling sensation, and light touch was not appreciated. In the right hand pin- 
prick gave a delayed and diminished pain response over the distal phalanges of 
the thumb, index, and middle fingers, but in the left hand the response to pin- 
prick was normal. In the right hand there was severe wasting of the thenar 
eminence, and the thumb could be neither opposed nor abducted. There was 
also some general weakness and clumsiness of all the fine finger-movements, 
though the long flexors of the fingers and wrist contracted normally. In the left 
hand there was slight wasting of the lateral half of the thenar eminence, and the 
thumb could be abducted and opposed, though not with full power. In April 
1950 the carpal tunnel in both hands was explored, and a severe compression 
of the median nerve at the distal border of the flexor retinaculum was relieved. 
After this the hand pains were relieved, the patient rapidly regained full use of 
both hands, and two months later the nerve lesion had recovered considerably. 
Though there was still some wasting and weakness of the abductor pollicis in 
the right hand and some tingling in the fingers, the response to pinprick and 
light touch was normal. In all three cases there was thickening of the median 
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nerves above the wrists, and in Case 9 the nerve lesion was clearly due to com- 
pression in the carpal tunnel, as described by Zachary (1945) and by Brain, 
Wright, and Wilkinson (1947). The occurrence of bilateral median-nerve 
lesions in acromegaly has been reported by List (1932) and by Woltman (1941). 
In both these cases there was sparing of the muscles of the thenar eminence, al- 
though sensory changes were pronounced. This agrees with the findings in our 
three patients, in whom sensory changes were predominant. It now seems 
probable that compression in the carpal tunnel is the most likely cause of these 
bilateral median lesions, and the relative sparing of the thenar muscles may well 
be due to the compression being situated more distally in these acromegalic 
patients than in the idiopathic or post-traumatic cases. The result in Case 9 
suggests that the carpal tunnel is worth exploring in similar cases. 

Peripheral vessels. In 13 patients there was obvious thickening of the arteries 
and veins in the limbs. These vessels were also tortuous, and of a curious soft, 
rubbery consistency. Slight thickening of the vessels was probably present in 
many more patients, but it was difficult to be certain of this from simple clinical 
examination. The 13 patients with thickening were all over 40 years of age, and 
nearly all of them had some degree of hypertension. Indeed, there was a con- 
siderable incidence of hypertension in the whole group; of the 25 acromegalics 
there were only 10 patients with systolic pressures of less than 150, and only 
seven with diastolic pressures of less than 90, while in seven the systolic pres- 
sures were over 200 and diastolic pressures over 120. The remaining patients 
showed intermediate grades of hypertension, and among the 17 over 40 years 
of age there was only one (Case 11) who could be said to have a low blood- 
pressure. Although most of these figures represent casual out-patient readings, 
they are unusual. Davidoff (1926) found low blood-pressures in 30 per cent. of 
his cases of acromegaly, and Courville and Mason (1938) only found hyper- 
tension in three out of 24 cases of acromegaly. On the other hand, Perémy 
(1935), and Marx, quoted by Bartelheimer (1947), invariably found hypertension 
in middle-aged or elderly acromegalics. Hejtmancik, Bradfield, and Herrmann 
(1951) also found blood-pressures of over 150/90 in six out of 21 cases, and 
isolated case reports with hypertension are not uncommon. From the literature 
it appears that elderly acromegalic patients frequently have high blood- 
pressures, and this was noticeably the case in our series. In view of the arterial 
changes which have been described in acromegaly (Marie and Marinesco, 1891) 
a tendency to high blood-pressure with high pulse-pressure, as found in our 
series, would not be surprising. Another interesting feature of our cases is that 
14 patients gave a history of Raynaud-like attacks of vasospasm, in which the 
fingers were said to go dead and white on exposure to cold. These spasms had 
commenced shortly after the onset of the acromegalic enlargement of the 
extremities, and were not specially correlated with thickening of the vessels or 
with hypertension. On the other hand, all but three of the patients with vaso- 
spasm had limb pains and considerable joint changes. It is interesting to note 
that Middleton (1894) mentioned the occurrence of Raynaud’s phenomenon in 
his patient who had severe joint changes. Since vasospasm is a feature of other 
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diseases involving joints, such as rheumatoid arthritis and scleroderma, this 
finding in acromegaly is of some interest, and clearly requires further in- 
vestigation. 

Hyaluronidase test. It is generally agreed that in acromegaly there is a striking 
increase of connective tissue throughout the body, and that this increase is 
largely responsible for the enlargement of the affected parts. In our patients 
we were impressed by the curious gelatinous or rubbery texture of the soft 
tissues, especially in the extremities, and we wondered whether this change of 
texture followed from a general increase of connective tissue, or resulted from 
some alteration in the relative proportion of the cellular, collagenous, and 
polysaccharide components of these tissues, or from some qualitative change. 
We started our investigation of this problem by comparing the effect of hyaluro- 
nidase on the dispersal of fluid in normal and acromegalic skin. 

Method. Eight spots were marked out on the volar aspect of the forearm in 
two rows, there being two inches between the rows and one inch between the 
spots in each row. Into four spots (two in each row) 0-05 ml. of physiological 
saline was injected with a tuberculin syringe and a no. 18 hypodermic needle. 
If the injections are properly placed in the skin, they produce clearly demon- 
strable and easily palpable wheals 3 to 5 mm. in diameter. Into the remaining 
four spots a similar quantity of saline was injected with freshly added hyaluro- 
nidase? in a dose of 1 mg. per 100 ml. The time taken for each of the eight 
wheals to disperse was then noted. The insertions with and without hyaluro- 
nidase were juxtaposed in the two rows, to eliminate regional variations in the 
skin, and the multiple insertions served to even out errors due to variations in 
the exact quantity and depth of each injection. The end-point was taken as the 
the time when the wheal ceased to be visible and palpable with the finger-tips, 
and was read to the nearest half-minute during the first five minutes, to the 
nearest minute between five and twenty minutes, and to the nearest five minutes 
thereafter. The test was carried out on 20 normal subjects, 10 of each sex, fairly 
evenly spread over the ages between 15 and 60 years, and on 11 acromegalics 
with a roughly similar age and sex distribution; the results, expressed as the 
mean duration in minutes of the four saline wheals and of the four hyaluronidase 
wheals, are shown in Table IT. It will be seen that the duration of the saline 
wheals in the 20 normal subjects varied from 17 to 60 minutes, with a mean for 
the group of 36 minutes. In the 11 acromegalics the saline times also ranged 
from 17 to 60 minutes, with a mean of 34-8 minutes; the rate of dispersal of 
saline in the two groups was therefore surprisingly similar. When hyaluronidase 
was added to the saline a very different result was obtained. In the 20 normal 
subjects the times varied from 0-7 to 5 minutes, with a mean of 2-2 minutes for 
the group, while in the acromegalics the dispersal times varied from 5-2 to 21 
minutes, with a mean of 10-5 minutes. Thus it appears that in acromegalic 
patients hyaluronidase is less effective in enhancing the dispersal of saline than 
it is in normal subjects. It is interesting to note that among the normal subjects 
the only hyaluronidase times which were over three minutes were found in 


2 The preparation used was Benger’s ‘Hyalase’. 
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subjects under 25 years of age, who might be still growing. The relative in- 
effectiveness of hyaluronidase in acromegalic skin might result from the 
presence of an excess of anti-hyaluronidase in these patients, but it seems more 
likely that it results from some alteration in the connective tissues themselves, 


TaBeE II 
Mean Durations of Intracutaneous Wheals in Minutes 
Normal subjects , Acromegalic subjects 
Age Saline + Age Saline + Case 
(years) Sex Saline hyaluronidase (years) Sex Saline hyaluronidase number 
16 F 36 3-4 13 M 37 21 25 
ae F 40 1-25 27 F 30 13 23 
18 F 25 4-25 31 F 33 9 22 
22 M 20 3-0 32 F 30 10-2 21 
22 M 39 1-0 37 M 30 12:5 19 
23 M 35 5-0 38 M 49 5-2 18 
24 F 30 5-0 42 F 26 17 15 
30 F 45 1-75 50 M 60 7:5 8 
31 M 30 2-6 50 F 30 7-0 9 
32 M 40 1:75 50 F 17 11-5 fé 
35 F 36 2-5 57 F 40 5-5 ea 
37 F 20 2:1 
38 M 47 1:3 
38 M 47 1-75 
39 M 60 1-0 
41 M 30 2-25 
48 F 50 1-7 
59 M 45 0-75 
61 F 39 1-1 
69 F 17 0-7 
Means 
35-0 36-0 2-2 38-8 34:8 10-5 


and this point will be discussed further after considering the histological appear- 
ances of the tissues. 


Anatomical and Histological Studies 

Articular tissues are seldom discussed in the literature of acromegaly, and 
then mainly with reference to the articular cartilage and the periarticular bony 
structures. Arnold (1894) noted osteophyte formation and severe degeneration 
of articular cartilage, and Dietrich (1909) described similar joint changes in a 
male acromegalic aged 48 years, and suggested that these changes were part of 
the disease process. In 1931 Erdheim showed, from studies of a single case, that 
acromegalic arthropathy was a specific form of arthritis deformans, distinct in 
its genesis from the ordinary form of degenerative joint disease, and Silberberg 
(1936) claimed to have produced a comparable lesion in guinea-pigs by injecting 
anterior pituitary extract. Waine, Bennett, and Bauer (1945) found that most 
joints in their patient closely resembled those of severe degenerative joint 
disease, though in a few joints the changes were due to new growth of cartilage 
and bone. Quantitative increases in the connective tissues of the skin and 
other organs were described by Marie and Marinesco (1891), Arnold (1894), and 
others. However, mention has already been made of the gelatinous texture of 
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acromegalic soft tissue, and we have shown that hyaluronidase is less effective 
in acromegalic than in normal skin. Moreover, Cushing and Davidoff (1927) 
noted that a rapid reduction in the thickness of the skin might follow the re- 
moval of the pituitary tumour. These observations suggest that there may be 
qualitative as well as quantitative changes in acromegalic soft tissues. 


Material and methods 


A limited amount of material became available from necropsies of Cases 7, 
22, and 26. Biopsies of skin and subcutaneous tissues were obtained from two 
other patients (Cases 15 and 23), on one of whom (Case 23) biopsy of the knee- 
joint was also performed. In a further four cases (Cases 4, 8, 19, and 21) biopsy 
specimens were obtained from the soft tissues and from the articular cartilage ~ 
of the fifth metacarpo-phalangeal joint. The tissues were fixed either in 10 per 
cent. formol saline (4 per cent. formaldehyde in normal saline) or in Carnoy’s 
fluid, or in a mixture of equal parts of 8 per cent. basic lead acetate and 10 per 
cent. formol saline. Paraffin sections were stained with haemalum and eosin, 
Weigert’s elastic and van Gieson’s stain, Masson’s stain (Goldner modification), 
Lillie’s method for reticulin, the periodic-acid-Schiff method, toluidine blue, and 
Hale’s (1946) method for acid mucopolysaccharides. In some instances frozen 
sections were used. 


Results 


Articular tissues. Case 26. The naked-eye joint changes are illustrated in 
Plate 35, Fig. 7, which shows a sagittal section of the knee-joint of Case 26 and 
a comparable section from a non-arthritic control subject of the same age and 
sex. The shaft of the femur is slightly increased in diameter, though the cortex 
is not noticeably thickened. The femoral condyle is enlarged in its antero- 
posterior diameter, so that it appears to be flattened; the condyle was also 
increased in width. The junction of the condyle and the shaft is much more 
abrupt than in the normal subject—an appearance accentuated by the in- 
creased area of bone covered by articular cartilage. This altered architecture 
of the bone-ends, which is a common feature of acromegaly, is also evident in 
the head of the tibia, the anterior part of which has clearly been remodelled. 
A fairly uniform thickening of the articular cartilage can be seen in the section, 
and was present in all areas of the joint. Measurements of comparable regions 
of the articular cartilage showed an average increase in thickness of approxi- 
mately 50 per cent. in the acromegalic as compared with the control subject. 
Another striking feature is the enlargement of the infrapatellar pad of fat, the 
ligamentous and synovial tissues in the mid-line, and the meniscus, all of which 
appear to separate the femur from the tibia. There is thus reason to believe that 
the increased joint-space, which is a frequent radiological finding in acromegaly, 
may be due not only to thickening of the cartilage but also, at least in the knee, 
to the ‘wedging’ produced by overgrowth of the soft tissues of the joint. In 
acromegaly new bone often forms at the insertion of muscle and ligament, and 
this feature is illustrated by the bony spur at the inferior attachment of the 
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much thickened patellar ligament. The suprapatellar pouch is not only en- 
larged, but its lining is irregular and polypoid as compared with the smooth 
outline in the normal joint. In the central part of the lateral condyle the carti- 
lage was ulcerated over an area 1-5 cm. in diameter (Plate 35, Fig. 8). The 
appearance of the eroded cartilage was typical of the lesion originally described 
by Erdheim (1931) ; its edges were undermined, and the central zone was slightly 
convex towards the joint surface. 

The knee-joint presented the following histological features. There was a con- 
siderable increase in fibrous trabeculae in the infrapatellar pad of fat, which was 
otherwise normal. The villous processes and the deeper parts of the wall of the 
suprapatellar pouch were composed of a close net of connective-tissue bundles 
enclosing some small blood-vessels and covered by normal mesothelial cells ; 
there was also some reduction in the amount of synovial adipose tissue. Occa- 
sionally villi contained small groups of lymphocytes, but otherwise no sign of 
inflammation was found. Similar changes were present in other parts of the 
synovial tissue. The thickened ligaments and menisci were histologically nor- 
mal. Thus the pathological changes in the soft tissues in this case consisted 
essentially of an overgrowth of the various articular structures, modified by a 
partial replacement of fat by fibrous tissue. The structure of the articular 
cartilage varied from place to place; large groups of cartilage-cells—evidence 
of active cellular hyperplasia—occurred only focally and, when present, were 
found predominantly in the middle third (the pressure zone). In these hyper- 
plastic areas, and even where the cartilage contained a normal number of cells, 
the pericellular matrix in the pressure zone often showed considerable loss of 
metachromatic staining, associated with replacement of the normal hyaline 
appearance by a fine fibrillar structure. Degenerative changes of this kind 
occurred where there was normal cartilage in the superficial layers. In the usual 
form of osteoarthritis the opposite picture often obtains, that is, the superficial 
layers are degenerate where the deeper layers are normal. The edge of the 
ulcerated area (Plate 35, Fig. 8) was overlapped by short tongues of cartilage 
having the normal structure of the transitional and gliding layers, and showing 
only minor degenerative changes. In the floor of the ulcer the cartilage was split 
by vertical clefts, and the matrix showed a reduction in metachromatic staining 
with toluidine blue. In this area cartilage-cells were few, and some were thin 
and elongated and contained degenerate nuclei—the so-called kataplastic cells. 
The lesion was clearly in a moderately advanced stage, in which evidence of 
cartilage-cell hyperplasia may not be seen (Erdheim, 1931). According to 
Erdheim the early stages of this lesion are characterized by a hyperplasia of the 
pressure zone, which is covered by normal transitional and gliding layers. The 
different consistencies of the hyperplastic zone and the normal covering layers 
lead to shearing strains, which cause first a separation of the two parts and later 
a degeneration of the covering layers, with consequent exposure of the hyper- 
plastic cartilage, the surface of which is convex towards the joint (Plate 35, 
Fig. 8). In contrast, the erosion commonly found in osteoarthritis rarely, if 
ever, presents an undermined edge, and usually has a concave surface. 
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Histological examination of the fifth toe revealed the characteristic sponge-like 
bony tufting of the terminal phalanx and fibrous thickening of the articular 
soft tissues; the articular cartilages, however, were not thicker than normal 
(Plate 35, Fig. 9). 

Case 23. Arthrotomy of the knee disclosed a smooth, grossly thickened, and 
soft articular cartilage. A biopsy specimen from the lateral facet of the patella, 
though elastic, was easily compressed between the fingers. The joint-lining was 
smooth, but the synovial tissues were thick and pale. Histological examination 
showed that in all but the deepest parts of the cartilage the normal hyaline 
appearance was replaced by a dense interlacing system of thick bundles of con- 
nective tissue (Plate 36, Fig. 10). This fibrous zone contained only a few fusi- 
form cells, and its surface showed none of the horizontal fraying or vertical 
clefts usually associated with osteoarthritis. Nor was the lesion closely similar 
to the earliest stages of patellar chondromalacia, in which loss of metachromatic 
staining occurs in the absence of cartilage fibrillation (Hirsch, 1944). On the 
other hand the histological picture is clearly different from that of the ‘Erd- 
heim’ ulcer. A biopsy specimen taken from the lower lateral aspect of the 
suprapatellar pouch showed that the synovial thickening was due to hyperplasia 
of both adipose and connective tissue (Plate 36, Fig. 11). There was no sign 
of inflammation, and a single layer of normal mesothelial cells formed the joint- 
lining. In one part hyperplasia of fat predominated ; in other parts the thicken- 
ing was mainly fibrous, and between these areas degrees of fibrosis of the fatty 
tissue were evident. 

Case 22. One great toe was available for study. The bones were enlarged, 
but definite overgrowth of articular cartilage was not present. There was fibrous 
thickening of the soft tissues of the joints, and a reduction of synovial adipose 
tissue. 

In Cases 4, 8, 19, and 21 biopsies of the articular cartilage and the synovial 
tissues of the fifth metacarpophalangeal joint were obtained. The synovial 
tissues appeared qualitatively normal in all, but the material was insufficient 
for the assessment of quantitative changes. In Case 19 the articular cartilage 
was thicker and softer than normal, and its surface presented two small (2-0 
mm.) circular areas of roughening which proved histologically to be early foci 
of chondromalacia, characterized mainly by complete loss of metachromatic 
staining with toluidine blue and a marked reduction in colour with the periodic- 
acid-Schiff technique. In the remaining cases the cartilage was normal. 

Bursae. In Cases 7 and 15 biopsy of the prepatellar region included a much 
enlarged prepatellar bursa, which showed a non-inflammatory fibrous hyper- 
plasia. The bursal wall was contiguous with, but distinct from, the overlying 
fibrous hyperplasia of the subcutaneous tissues (Plate 37, Fig. 12). In Case 15, 
@ patient with a clinical history of about one year, the bursal wall consisted of 
a single layer of mesothelial cells overlying a fine fibrillary connective tissue, of 
varying density, containing groups of proliferating capillaries. Some of the 
capillary groups had become transformed into hyaline nodules, and these 
structures, together with the capillary congeries, gave the bursal tissues a strik- 
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ing appearance (Plate 37, Fig. 13a). The later stages of a similar lesion were 
seen in Case 7, a patient with a clinical history of eight years. Capillary pro- 
liferation was absent, and most of the blood-vessels were either sclerotic or 
compressed between bundles of connective tissue, which were thicker and more 
closely packed than in Case 15. Yet, in parts, the structure of the bursal wall 
was distinct from the collagenous hyperplasia of the subcutaneous tissues in 
which the bursa was embedded (Plate 37, Fig. 135). 

Skin and subcutaneous tissues. In one of the six cases (Case 23) in which ade- 
quate specimens were obtained, the thickening of the subcutaneous tissues was 
due largely to an increase in subcutaneous fat. With the further exception of 
the scalp tissues in Case 7, which will be referred to later, the remaining cases 
(Cases 4, 7, 15, 22, and 26) were similar and may be considered together. On 
inspection many of the biopsy specimens showed a marked reduction of sub- 
cutaneous fat. The subepithelial tissues had the consistency of either soggy or 
firm fibrous tissue. Histologically, the epidermis and the layer of fine vascular 
connective tissue immediately subjacent to it were normal. Subcutaneous fat 
was partly or almost completely replaced by closely woven, thick bundles of 
connective tissue, and no clear line of demarcation existed between the normal 
dermal tissues and the acromegalic increment. In some parts of the sub- 
cutaneous tissues small groups of fat-cells occurred, and degrees of fibrosis of the 
adipose tissue could be seen (Plate 35, Fig. 9). There was no evidence of recent 
or old inflammation. The extent of these changes varied from patient to patient, 
and in different sites in the same patient. In Case 7 the prepatellar tissues were 
at least 2 cm. in thickness, and consisted almost entirely of dense connective 
tissue, whereas the scalp showed overgrowth of both fibrous and fatty layers 
(Plate 38, Fig. 14). Apart from some hyalinization of the collagen bundles, 
no qualitative abnormality was noticed in either the fibrous or non-fibrous 
components of the acromegalic connective tissue, which contained elastic fibres 
in amounts comparable with that of normal dermis. A portion of acromegalic 
dermal connective tissue examined in the electron-microscope by Dr. R. Reed 
showed macromolecular collagen fibrils of normal appearance. Oedema and 
myxomatous change, which were mentioned by Waine, Bennett, and Bauer 
(1945) as a feature of the fibro-fatty tissues in their patient, were not encountered 
in significant amounts in the present investigation. Since some tissues with a 
gelatinous texture are known to have a high polysaccharide content, the various 
acromegalic tissues available to us were studied by three staining techniques 
(toluidine blue, periodic-acid-Schiff technique, and Hale’s stain) which are recog- 
nized methods of demonstrating tissue polysaccharides, but no unusual staining 
was observed. These relatively crude techniques do not allow us to exclude the 
possibility of abnormalities in the connective-tissue mucopolysaccharides. 
Nevertheless, the available histological evidence suggests that acromegalic con- 
nective tissue is qualitatively normal. This conclusion receives some support 
from the observation that acromegalic skin and subcutaneous tissues contain a 
normal proportion of water and procollagen (see Appendix). The blood-vessels 
in the deep subcutaneous tissues sometimes showed thickening of all three coats, 
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and in Case 7 the hair-follicles in the scalp were enlarged. Thickening of the 
basement membrane of sweat-glands was not observed in any of the cases, 
though this change has been reported by others (Marie and Marinesco, 1891). 
Earlier workers noted an increase in the connective tissues of peripheral nerves 
(Arnold, 1894). In our patients this change was present in varying degrees in 
the subcutaneous nerves, and in Case 26 the sciatic nerve showed a considerable 
non-inflammatory fibrosis of the adipose tissue between apparently normal 
nerve-bundles (Plate 38, Fig. 15). 


Summary of Pathological Studies 

Articular tissues. Adequate material from the joints was available in three 
cases, and overgrowth of the articular soft tissues was obvious in all. In two 
of these cases the synovial tissues showed a non-inflammatory fibrous thickening 
with a reduction in the amount of adipose tissue ; in the third case overgrowth 
of both adipose and fibrous tissue was evident. The intra-articular and capsular 
ligaments, and in the knee-joint the menisci, were enlarged, but histologically 
normal. In two of the three cases the articular cartilage of the knee-joint was 
thickened, though in one of these two cases the articular cartilages of the fifth 
toe were normal. The thickened cartilage showed various types of degenerative 
change, some of which were histologically distinct from the usual lesion of osteo- 
arthritis. A non-inflammatory fibrosis of the prepatellar bursa was found in the 
two cases in which this structure was examined. The fibre pattern in the bursal 
wall was histologically different from the adjacent fibrous thickening of the 
dermis. Thus acromegalic arthropathy is primarily associated with a non- 
inflammatory overgrowth of the various articular structures; degenerative 
changes, affecting principally the articular cartilage, and osteophyte formation 
are secondary features. 

Skin and subcutaneous tissues. In five of the six cases examined the thickened 
subcutaneous tissue showed a non-inflammatory connective-tissue hyperplasia 
which replaced in varying degrees the subcutaneous fat. The extent of these 
changes varied in different sites in the same patient, and in one patient, in 
whom marked loss of subcutaneous fat had occurred in the prepatellar region, 
the scalp showed hyperplasia of both fibrous and fatty subcutaneous layers. 
In one case the thickened subcutaneous tissues consisted predominantly of fat. 
Histologically, the hyperplastic connective tissue was indistinguishable from 
normal dermal fibrous tissue. This apparent increase of fibrous tissue may be 
related to the slow metabolic turnover of soft-tissue collagen (Neuberger, 
Perrone, and Slack, 1951), owing to which, once laid down, it is largely outside 
the metabolic pool and remains untouched, whereas other body-proteins which 
participate in the metabolic pool may be utilized from time to time during 
periods of unusual stress. 


Our histological observations indicate, therefore, that the predominant patho- 
logical change in acromegalic soft tissue is a non-inflammatory fibrous hyper- 
plasia, the structure of which varies with the particular tissue in which it occurs ; 
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there is a quantitative increase in connective tissue which is histologically 
normal. Acromegulic connective tissue may also have a normal water and pro- 
collagen content, and a normal appearance in the electron-microscope. How- 
ever, more specialized tissue components may also be involved. This fact is 
most obvious in the enlarged hair-follicles and hypertrophied muscle-fibres, and 
in cases which show greatly enlarged but histologically normal internal organs. 
Again, although tissue overgrowth was the main finding in our patients, simple 
bone atrophy, especially of the hands and feet, and atrophic and degenerative 
changes in muscle and cartilage may be conspicuous in some cases (Arnold, 
1894; Dietrich, 1909; Schmidt, 1937). 


APPENDIX 
Biochemical Investigation (Dr. H. G. B. Slack) 


Corresponding areas of skin, and of muscle, from patients suffering from acro- 
megaly and from control subjects of the same age and sex with no known endo- 
crine disease, were submitted to chemical analysis. Only a few samples have 


III 
Analysis of Skin from Approximately Equal Surface Areas for Water, Fat, 
Collagen, and Residue 


Surface Initial Dry Defatted Dry residue 
area weight weight dry weight weight 
(sq. mm.) (gm.) (gm.) (gm.) (gm.) 
Acromegalic (Case 26) 803 10-23 3-40 3-01 0-25 
Normal control 811 5-59 1-89 1:74 0-16 
TABLE IV 
The Above Results Expressed as Percentages of Initial Wet Weight 
Initial 
weight Water Fat Collagen Residue 
Acromegalic (Case 26) 100 66-7 3-8 27-1 2-4 
Normal control : 100 66-0 2-7 28-5 2:8 


been examined to the present date, and the results must therefore be regarded 
as preliminary observations. 

1. Procollagen. A sample of skin from an acromegalic patient (Case 7) and 
from a normal subject, both aged 50 years, were examined for procollagen con- 
tent. The method of Bresler, Finogenov, and Ya Frenkel (1951) was used, which 
had proved satisfactory with the skin of young animals. Neither in the adult 
patient nor in the control was any appreciable amount of procollagen found, 
either microscopically or by determination of hydroxyproline after acid hydro- 
lysis. 

2. Water, collagen, and fat contents. (a) Skin samples. Recognized standard 
techniques were used to determine water content, fat content, collagen, and 
residue. Collagen weight is the difference between dry defatted weight and 
residue weight, the collagen being removed as gelatin by 48 hours’ refluxing with 
0-5 per cent. acetic acid. A representative example, from Case 26, is illustrated 
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in Tables III and IV. It will be seen from Table IV that the results indicate no 
significant difference in the relative content of water, fat, collagen, or residue. 
An obvious quantitative difference could be seen, however, when the weight was 
related to surface area (Table III). On naked-eye inspection the acromegalic 
skin, stripped of underlying connective tissue and fat, was clearly about twice 
as thick as the control skin. The surface areas of the two pieces of skin were 
determined as described by Ives (1935). The acromegalic skin had an area of 
803 sq. mm. and weighed 10-23 gm., the control skin had an area of 811 sq. mm. 
but weighed only 5-59 gm. ; that is, the acromegalic skin had a surface area 1 per 
cent. smaller, but a weight 83 per cent. greater than the control skin. In other 
words, the difference between normal and acromegalic skin appears to be quanti- 
tative rather than qualitative. 

(b) Muscle samples. The collagen content of acromegalic and control muscle 
samples was determined from the acid hydrolysates. Collagen was estimated as 
2 : 4-dinitrophenyl hydroxyproline by means of a two-stage chromatographic 
separation on celite 545 columns at pH 6 and pH 4. The eluted DNP derivative 
was measured in the spectrophotometer at 430 um. by comparison with a 
calibration curve derived from known pure DNP hydroxyproline. This method 
has given an average figure of 13-2 mg. per 100 mg. of pure collagen hydro- 
lysate. Results are at a preliminary stage, but the error of the method appears 
to be well within 4 per cent. The results obtained were as follows (averages of 
three samples each from Cases 26 and 27): control muscle, 1-40 mg. per 100 mg. ; 
acromegalic muscle, 1-54 mg. per 100 mg. The acromegalic muscle therefore 
showed a 10 per cent. increase in collagen over the normal muscle. This increase 
is not gross, but is almost.certainly significant. 


Summary 

Acromegaly is a very variable disease, and the symptoms may differ greatly 
from patient to patient. Nevertheless it appears that joint changes are a com- 
mon finding in patients with acromegaly, and are responsible for much of their 
pain and disability in back and limbs. Both the clinical and the radiological 
pictures of acromegalic joint disease are unlike those of any other form of 
arthritis, and we agree with Erdheim’s view that acromegalic joint disease is 
an en’ ity. 

The pathogenesis of this condition differs from case to case. In a few 
patients massive bony outgrowths interfere with joint mechanics, and give rise 
to a clinical picture of markedly restricted joint motion. A more common 
finding is a striking overgrowth of the articular cartilage and soft tissues, 
together with a remodelling of the bones, which in some cases may show atrophic 
changes. There may also be hyperplasia and softening of the articular cartilage, 
and where this occurs in the deeper layers of the pressure zones it leads to the 
formation of peculiar ulcers with undermined edges. Softening of the ligaments 
and other limb structures may cause the extremities to acquire a curious 
gelatinous or rubbery consistency. These changes give rise to a clinical picture 
characterized by limb pains, instability of the joints, and recurrent synovial 
effusions. 

Bilateral median-nerve lesions were found in three patients, and in one 
of these a compression of the nerves in the carpal tunnel was relieved by a 
local operation. Thickening of the blood-vessels was a common finding, and 
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significant hypertension was present in the majority of our patients who were 
over 40 years of age. 

Our histological studies did not reveal any evidence of inflammatory changes 
in the joints, but rather a general overgrowth of all the limb structures. This 
overgrowth, however, was not always uniformly distributed between the differ- 
ent limb structures, being often more pronounced in the connective tissues, and 
these tissues tended to be highly collagenized. 

There are two features of acromegalic tissue which remain unexplained: first, 
the alteration of tissue texture which is a notable feature of some cases, and 
secondly, the finding that hyaluronidase is relatively ineffective as a spreading 
agent in acromegalic skin. It seems probable that these two findings are in some 
way related, and that they may result from some qualitative change in the con- 
nective tissues, the nature of which is not apparent from our present studies. 
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Fic. 1. The excessive mobility of the extremities as exhibited by Case 19, a male labourer in 
whom the disease had lasted five years 


a b 
Fic. 2. Enlarged X-rays (b) of the third metacarpophalangeal 
joint of Case 4. On the left (a) is a control picture of the same 
joint from a normal woman of similar age and body-build 
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c 


Fic. 6. X-rays of three hip-joints (a) from Case 4, showing typical atrophic changes; (6) from Case 3, showing 
bony outgrowth; (c) from Case 1, showing typical osteoarthritis ; this had followed a severe injury 15 years previously. 
His opposite hip showed appearances intermediate between those of a and b 
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Fic. 7. (a) Section of normal knee-joint for ccmparison. (b) Case 26. Section of 
knee-joint showing enlarged femoral condyle, thickened articular cartilage, and 
enlargement of ligaments, meniscus, and infrapatellar fat pad 


Fic. 9. Case 26. Fifth toe. Fibrous thickening of 
the subcutaneous and synovial tissues. Reduction ‘ 
of subcutaneous fat. Sponge-like bony tufting of 
the terminal phalanx (haemalum and eosin, x 3-5) 


Fic. 8. Case 26. Articular cartilage of femoral 

condyle, showing an area of erosion with under- 

mined edges and a convex surface (haemalum and 
eosin) 


a b 
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Fic. 10. Case 23. Section through full thickness of patellar cartilage, which is relatively normal only in the 
deep part (A). Most of the biopsy specimen consists of interlacing bundles of connective tissue. The surface 
layer is intact (Hale’s and periodic-acid-Schiff stains, x 110) 


Fic. 11. (a) Case 23. Synovial tissues, showing non-inflammatory hyperplasia of 

adipose tissue and fibrous tissue. In parts the biopsy specimen is as thick as the 

whole normal joint capsule. (6) Section of normal joint capsule. The area to the left 

of the dotted line represents the normal counterpart of the biopsy specimen shown in 
(a) (haemalum and eosin, x 10) 
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Fic. 12. Case 15. Section of skin and prepatellar tissues, 
showing enlarged prepatellar bursa (A) lying in dense 
connective tissue. Note the small amount of subcu- 
; taneous fat (B) and absence of inflammatory infiltra- 
tion (Masson—Goldner stain, x 9) 


Fic. 13. Prepatellar bursa. (a) Case 15. Early stage, showing thickening by fine connective tissue containing 

groups of proliferating capillaries (A) and hyaline nodules (B). The lining cells are normal, and there is no 

inflammatory infiltration. (b) Case 7. Late stage, showing the thickened fibrous wall of the bursa (A) and adja- 
cent dermal connective tissue (B) (haemalum and eosin, x 50) 
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Fic. 14. (a) Case 7. Scalp. There is an increase in both dermal connective tissue and subcutaneous fat. 
The deep fascia is also thickened, and the hair follicles are enlarged. (b) Normal scalp for comparison 
(Masson—Goldner stain, x 17) 


Fic. 15. (a) Case 26. Sciatic nerve. Normal nerve-bundles are separated by dense fibrous tissue con- 
taining little fat. There are no signs of inflammation. (b) Normal sciatic nerve for comparison (haemalum 
and eosin, x 70) 


a b 
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THE METABOLIC DISORDER IN HEPATO-LENTICULAR 
DEGENERATION! 


By W. B. MATTHEWS, M. D. MILNE, anp M. BELL 


(From the Departments of Neurology, Medicine, and Clinical Pathology, 
Manchester University, and Manchester Royal Infirmary) 


Wisov, in his classical paper on progressive lenticular degeneration (1912), 
quoted the following comment of Gowers (1906) on his two cases of tetanoid 
chorea associated with cirrhosis of the liver: “They were under observation 
many years ago and their record has been waiting for other facts that might 
elucidate their mystery, but waiting in vain.’ The condition, now generally 
known as hepato-lenticular degeneration, has since engaged the attention of 
many investigators, and there has been much speculation on the association 
of hepatic and cerebral disease. Hepato-lenticular degeneration has, however, 
strong claims to be a specific entity, and two metabolic errors have been firmly 
established. Earlier reports of abnormal accumulation of tissue copper, and of 
excess of this element in the urine, have been amply confirmed by Cumings 
(1948, 1951), and he has claimed that clinical improvement has occurred in 
patients treated with injections of dimercaptopropanol (BAL), which further 
increases the urinary excretion of the metal. An increased urinary excretion of 
aminoacids, in the absence of hepatic failure, was first reported by Uzman and 
Denny-Brown (1948). This increase has since been shown to be due to a renal 
defect, and to be unassociated with any excess of aminoacids in the plasma 
(Porter, 1949; Cooper; Eckhardt, Faloon, and Davidson, 1950; Dent and 
Harris, 1951). The present paper is concerned with the further investigation of 
these two abnormalities, and with their possible interconnexion. 


Case Reports 


Two patients were available for investigation. Both were juvenile cases of 
the ‘progressive lenticular degeneration’ type described by Wilson (1912), with 
slight but definite evidence of hepatic disease. 


Case 1 (D.N.) was born in June 1937. He was a normal baby, but stammered 
from the time he began to talk. He always displayed an aversion from fatty 
foods, and had occasional attacks of vomiting. Early in 1948 he became readily 
fatigued and listless, and a few weeks later was admitted to another hospital 
with jaundice and swelling of the legs and abdomen, but no diagnosis was made. 
On his discharge three months later these symptoms were no longer present, but 
for the first time his mother thought that his gait was abnormal. In September 
1949 it was noticed that his handwriting was deteriorating and that he was 
clumsy when eating, and from that time he was afflicted with increasing stiffness 
and jerkiness of the limbs, so that on his admission to the Manchester Royal 
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Infirmary under Dr. F. R. Ferguson in May 1951 he was severely disabled. 
His father had died at the age of 41 years of empyema thoracis. His mother 
was well, and his parents were not consanguineous. Their eldest child, a girl, 
had died in 1935 at the age of 13 years, after an illness of two years presenting 
with sialorrhoea and vomiting and progressing to increasing jerking movements 
of the limbs and asthenia. The condition was regarded as rheumatic chorea, 
but the mother recognized the similarity of her symptoms to those of her son, 
and it is extremely probable that the daughter too was suffering from hepato- 
lenticular degeneration. The second child, a girl, was born in 1929, and was 
healthy. No similar disease was known in collateral branches of the family. 

On examination the patient was normally developed and in a good state of 
nutrition. There was no jaundice or ascites ; the liver could not be felt, but the 
spleen was easily palpable. A Kayser—Fleischer ring was present in each eye, 
but was difficult to see against the brown iris, and there was no other abnormal 
pigmentation. He was dysarthric, and produced his words in rapid jerks inter- 
rupted by frequent stammering. There was no dysphagia, and rapid movements 
of the tongue were well performed. Fluctuating rigidity was present in all 
limbs, and the arms were usually held extended at the shoulders and elbows and 
flexed at the wrists, and in the recumbent position the legs were in constant 
jerky movement from one abnormal posture to another. These rigid postures 
could be voluntarily interrupted, but only momentarily, so that the limbs 
returned to their original positions with considerable violence. There was no 
tremor or paresis, no abnormality of tendon-reflexes or sensory loss, and the 
plantar reflexes were flexor. He could not walk unaided, and only with great 
difficulty when supported, and was unable to feed himself. Further examination 
revealed no abnormality, and the urine did not contain albumin or sugar. 
Investigations were made with the following results: serum-bilirubin, 0-5 mg. 
per 100 ml.; serum-albumin, 3-7 gm. per 100 ml.; serum-globulin, 2-1 gm. per 
100 ml.; plasma-fibrinogen, 285 mg. per 100 ml.; serum alkaline phosphatase, 
14 King—Armstrong units per 100 ml. ; thymol turbidity reaction, 2-3 units per 
100 ml.; prothrombin concentration, 72 per cent. of the average normal; 
blood-urea, 28 mg. per 100 ml. The cerebrospinal fluid contained one lympho- 
cyte per c.mm., and 25 mg. protein per 100 ml. The Wassermann reaction was 
negative in blood and cerebrospinal fluid. 

One course of dimercaptopropanol (BAL) was given, consisting of 2 ml. of 
a 5 per cent. solution four times on the first day, twice on the second and third 
days, and once on each of the succeeding three days, by intramuscular injection. 
The injections were painful, but produced no toxic effects. No subsequent 
improvement was apparent. On discharge from hospital he was taking 2 gm. 
a day each of choline and methionine. When he was seen as an out-patient in 
September 1951 his condition had deteriorated. His speech was now scarcely 
comprehensible, and his mouth was kept open in a wide grin. His legs had 
adopted a posture of extreme flexion, from which they could easily be moved 
passively, only for the postural rigidity to reassert itself immediately. Further 
deterioration was apparent when he was seen in November 1951. 


Case 2 (K.D.) was born in September 1936, and was healthy until the age of 
five years, when she was admitted to another hospital with an illness charac- 
terized by loss of weight, vomiting, fever, abdominal pain, and increasing 
abdominal distension. She was apparently never jaundiced. A diagnosis of 
tuberculous peritonitis was made on clinical grounds, and she was discharged 
as cured after five months, but her mother thought that after this illness she was 
never able to run properly and held her back stiffly. In 1948 she developed 
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scoliosis, and in 1949 a plaster jacket was applied, but was abandoned after 
12 months because of increasing rigidity of the back and limbs. She began to 
lose weight, and her speech became progressively more difficult to understand. 
She was admitted to the Manchester Royal Infirmary under Dr. G. E. Smyth in 
December 1950. Her parents, who were not consanguineous, were healthy. Her 
brother, aged five years, and sister, aged two years, were examined and found to 
be normal, and no similar disease was known in collateral branches of the family. 

On examination the patient was a thin, under-developed, but intelligent and 
attractive child. She had a moderate scoliosis, and a funnel-shaped depression 
of the sternum. There was no jaundice or ascites, and the liver could not be felt, 
but the spleen was moderately enlarged. There was a well-developed Kayser— 
Fleischer ring in each eye, but no other abnormal pigmentation. She was 
severely dysarthric, and rapid movements of the tongue could not be performed, 
but there was no dysphagia. A variable degree of rigidity was present in all 
limbs, and the habitual posture of the arms was similar to that seen in Case 1. 
She carried out voluntary movements with great rapidity, and was indeed 
incapable of moving slowly, apparently from the necessity of completing any 
action during the brief interruption of the postural rigidity. There was no 
tremor or paresis, no abnormality of the tendon-reflexes, and no sensory loss, 
and the plantar reflexes were flexor. Her gait was rapid, and was carried out 
by a succession of swift jerking movements. Further examination revealed no 
abnormality, and the urine did not contain albumin or sugar. In spite of her 
disabilities she was active in the ward, and could feed herself, turn the pages of 
a book, and draw, but had lost the ability to write. Investigations were made 
with the following results: serum-bilirubin, 0-4 mg. per 100 ml. ; serum-albumin, 
4-1 gm. per 100 ml.; serum-globulin, 2-0 gm. per 100 ml.; plasma-fibrinogen, 
344 mg. per 100 ml. ; serum alkaline phosphatase, 16 King—Armstrong units per 
100 ml.; prothrombin concentration, 100 per cent. of the average normal ; 
thymol turbidity reaction, 2-3 units per 100 ml.; galactose index, 268 (normal 
less than 160); bromsulphthalein test, serum cleared in 45 minutes; hippuric 
acid excretion, in four hours after ingestion of 4gm. of sodium benzoate, 
equivalent to 1-13 gm. of sodium benzoate; urinary urobilinogen, 0-65 mg. in 
24 hours. The glucose tolerance test (three hours) was normal. The urine did 
not contain sugar. The cerebrospinal fuid contained one lymphocyte per c.mm., 
and 30 mg. protein per 100 ml. The Wassermann reaction was negative in blood 
and cerebrospinal fluid. 

She was treated with a high-protein diet and 2 gm. a day each of choline and 
methionine, and on this régime she was discharged. When she was readmitted 
in August 1951 her condition had deteriorated. She had lost weight, and was 
now unable to feed herself and was much less active in the ward. Tests of liver 
function showed no significant change. Three courses of BAL were given, the 
first identical with that given to Case 1, and the other two consisting of 2 ml. 
three times a day for two days, and she received several additional doses in the 
course of subsequent investigations. Some improvement, as shown by increased 
activity, was thought to follow the first course, and had been maintained, 
though with fluctuations, four months later, but there was certainly no striking 
change either in neurological signs or in functional ability. This patient was 
extremely co-operative throughout, and was therefore investigated more fully 
than Case 1. 


Methods 


A special study was made of the effect of ingestion of glycine and alanine, of 
intramuscular injections of dimercaptopropanol (BAL), and of intravenous 
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injection of an organic copper compound ‘cuprelone’ (Bayer), on the excretion 
of copper and amino-nitrogen both in the two patients and in normal subjects. 
Glycine and alanine were given by mouth in the fasting state in approximately 
15 per cent. solution in water, in doses of 0-6 gm. per kg. body-weight in the 
case of glycine and 0-4 gm. per kg. in the case of alanine. These comparatively 
large doses caused a little temporary nausea and anorexia, but otherwise no 
toxic effect was observed. Observations were continued for eight hours after 
ingestion of the aminoacids, by which time a basal state had usually been 
regained. Urine specimens were not obtained by catheter, but every effort was 
made to ensure complete voiding, and errors of collection were minimized by the 
maintainance of a moderately high urinary flow by continued fluid ingestion. 
It was assumed that the endogenous creatinine clearance gives an approximate 
measure of the glomerular filtration rate (Brod and Sirota, 1948). Short courses 
of intramuscular injections of BAL were given for two or three days, in doses 
of 3 mg. per kg. body-weight three times daily. Fractionated specimens of 
urine, collected as described above, were obtained throughout and after the 
period of administration. ‘Cuprelone’ was given as a single intravenous injec- 
tion in a dose of 0-625 mg. per kg. body-weight. 

The following analytical methods were used: 

Serum amino-nitrogen: colorimetric method of Folin (1922), modified as 
described by Hawk, Oser, and Summerson (1947). One estimation by the 
ninhydrin-CO, method was carried out at University College Hospital 
Medical School by courtesy of Dr. C. E. Dent. 

_ Urinary amino-nitrogen: method of Albanese and Irby (1944). 

Total urinary nitrogen: micro-Kjeldahl. 

Serum- and urinary copper: colorimetric method based on the reaction of 
the metal with diethyldithiocarbamate. In the case of serum the modification 
introduced by Ventura and King (1951) was employed. The method adopted 
for urine was a modification of the method of Eden and Green (1940), con- 
centrated sulphuric acid alone being used for digestion, and the colour being 
extracted with carbon tetrachloride. Pyrex glassware, which had been acid- 
cleaned and washed with copper-free distilled water, was used in the collec- 
tion of all specimens. 

Serum- and urinary creatinine: method of Bonsnes and Taussky (1945). 

Serum- and urinary citrate: method of Hunter and Leloir (1945). 

Urinary cystine: method of Sullivan and Hess (1936). 

Methionine-tolerance test: method of Albanese, Frankston, and Irby 
(1944). 

Paper chromatographic analyses of urinary aminoacids were made by the 
two-dimensional method of Dent (1947). Detailed chromatographic identi- 
fication of aminoacids in urine, plasma, and cerebrospinal fluid was kindly 
performed at University College Hospital Medicai School by Dr. C. E. Dent 
and Dr. J. M. Walshe. 

Paper chromatography of copper ions was performed by the one-dimen- 
sional method of Pollard, McOmie, and Elbeih (1951). 
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The quantitative methods which were used for serum- and urinary amino- 
nitrogen are approximate as compared with the more difficult and time-con- 
suming ninhydrin method. The Albanese and Irby method, which is based on 
the power of the urine to dissolve copper in alkaline solution, was particularly 
applicable to this investigation, since a direct comparison was. made between 
this property and the amount of copper actually excreted. Values by this 


TABLE I 
Serum and Urinary Amino-nitrogen Concentration in Two Cases of Hepato- 
lenticular Degeneration 
Case 1 Case 2 Normal subjects 
(adults) 
Serum amino-nitrogen (colori- 5-1 58 5-0-8-0 
metric method) mg. per 100 
ml. 
Serum amino-nitrogen (nin- 6-9 
hydrin method) mg. per 100 
ml. 
Urinary amino-nitrogen (Al- Range 450-675 350-900 220-700 
baneseand Irby) mg. per day Mean 570 610 re 
Ratio of urinary amino-nitro- Range 5-5-8-5 4-7-8-0 3-2—4-2 
gen to total nitrogen (%) Mean 7-0 6-4 wa 


method are consistently rather high, since urinary citrate also dissolves copper 
in alkaline solution. It was found that this introduced an error of 10 per cent. 
to 15 per cent. at basal levels of amino-nitrogen. Very accurate recoveries of 
glycine or alanine added to urine were obtained by this method, and therefore 
the error was very much less for the high values obtained after ingestion of 
these aminoacids. The amino-nitrogen clearance figures obtained after glycine 
ingestion in normal subjects, which were estimated from the colorimetric 
method for serum and the Albanese and Irby method of titration of urine, are 
almost identical with those obtained by Kirk (1936) using the ninhydrin method 
for serum and the formol titration method for urine. 


Results 


Aminoacid excretion. The results of estimations of serum- and urinary amino- 
nitrogen are shown in Table I. It can be seen that the serum levels were within 
normal limits. The urinary amino-nitrogen was frequently within the normal 
adult range, but both patients weighed less than 90 lb. (41 kg.). The ratio of 
urinary amino-nitrogen to total nitrogen was consistently abnormally high and, 
as in the Fanconi syndrome (Dent, 1947), was of greater value than a simple 
estimation of amino-nitrogen. Chromatographic analyses of plasma and urinary 
aminoacids (Dr. C. E. Dent and Dr. J. M. Walshe) gave the following results: 

Case 1 (D.N.). Plasma: normal aminoacid pattern. Urine: glycine, alanine, 
and glutamine were present in slightly raised concentration ; histidine, serine, 
and tyrosine were present in more abnormal concentration, and cystine, lysine, 
and threonine were also detected. Cerebrospinal fluid: normal aminoacid 
pattern. 


a 
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Case 2 (K.D.). Plasma: normal aminoacid pattern except for a slight excess 
of methionine. Urine: glycine, glutamine, alanine, and serine were present in 
raised concentration, and abnormal amounts of methionine, threonine, and 
tyrosine were present together with traces of tryptophan, leucine, and valine. 

The high concentrations of methionine both in the plasma and urine of Case 2 
were almost certainly due to the fact that an empirical trial of methionine 


TABLE IT 
Percentage of Ingested Glycine and Alanine Excreted in the Urine 
within Hight Hours 
Case 1(%) Case 2(%) Normal subjects (%) 
Glycine . 16-8 16-0 Range 6-1-10-9 
Mean 7:8 
Alanine 28-0 17-2 and 18-3 


therapy was being given in view of the hepatic disease. Chromatography there- 
fore confirmed the fact that in both patients there was an abnormal amino- 
aciduria in the absence of any detectable increase of the plasma aminoacids. 
This finding suggested that renal tubular reabsorption of aminoacids was 
defective. The percentage of an ingested dose of glycine excreted in the urine 
within eight hours was estimated in Case 1 (D.N.), and of glycine and alanine 
in Case 2 (K.D.). Comparable estimations of glycine were made in four normal 
adults, and of alanine in two, the dose being adjusted according to body-weight. 
Chromatographic analysis showed that ingestion of glycine and alanine did not 
produce any change in the aminoacid excretion pattern other than a very great 
increase in the aminoacid concerned. It could therefore be safely assumed that 
any increase in the urinary amino-nitrogen was completely accounted for by the 
particular aminoacid taken. The results are given in Table II, and show that 
in both patients the percentage excreted was unduly high. The rise and fall of 
serum amino-nitrogen after ingestion of glycine and alanine was not signifi- 
cantly different from that seen in normal subjects, and there appeared to be no 
abnormality of glycine or alanine metabolism other than the greater urinary 
excretion. Amino-nitrogen clearance values were obtained at serum levels 
extending from the normal to about twice the normal value. The figures ob- 
tained at the higher levels can be assumed to be close to the true glycine or 
alanine clearance, since at these abnormal concentrations the ingested amino- 
acid formed a high proportion of the total amino-nitrogen in both plasma and 
urine. Clearances were expressed as a percentage of the simultaneously deter- 
mined creatinine clearance, thus showing the approximate percentage of 
filtered aminoacid not reabsorbed by the renal tubules. This clearance ratio 
was significantly higher in the patients than in normal subjects (Fig. 1). Both 
in the normal subjects and in the patients the proportion of aminoacid not 
reabsorbed rose with increase of the amount filtered at the glomeruli. The 
results prove that tubular reabsorption of glycine and alanine is defective, and 
are in agreement with the results of chromatography. Both in the normal 
subjects and in Case 2 (K.D.) the clearance of alanine was significantly greater 
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than that of glycine, and a greater percentage of the former was excreted. The 
alanine used was the racemic compound, containing equal parts of the natural 
laevo- and the unnatural dextro-isomer, and it has been shown that in the dog 
the latter is reabsorbed to a much lesser extent by the tubules (Bliss, 1941). It 
is probable, therefore, that much lower clearance values for alanine would have 
been obtained if the pure laevo-isomer had been used, but the scarcity and 
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Fia. 1. The ratios of amino-nitrogen and creatinine clearance in normal subjects 

and in cases of hepato-lenticular degeneration, compared at normal serum levels 

of amino-nitrogen and at increased levels after glycine and alanine ingestion. 

The calculated regression lines, together with limits at twice the standard devia- 
tion, are given for the values obteined from normal subjects. 


expense of this chemical prevented any such observation being made. In both 
patients a positive qualitative reaction for cystine in the urine was obtained by 
both the Sullivan and the cyanide-nitroprusside tests. Estimations of urinary 
cystine gave values in Case 1 (D.N.) ranging from 107 mg. per day to 177 mg. 
per day, the mean being 145 mg. per day, and two estimations in Case 2 (K.D.) 
both gave values of 96 mg. per day; the normal excretion is 40 to 80 mg. per 
day (Reed, 1942). A methionine-tolerance test performed in Case 1 was per- 
fectly normal, indicating that the metabolism and urinary excretion of this 
aminoacid was within normal limits, a result which agreed with the failure to 
detect methionine by chromatography in this patient’s urine. 
Serum- and urinary copper. The serum copper concentration was found to be 
normal in both patients: 
, Case 1 (D.N.), 141 wg. per 100 ml. 
Case 2 (K.D.), 103 wg. per 100 ml. 
The normal range is 86 to 161 yg. per 100 ml. (Cartwright, Huguley, Ashen- 
brucker, Fay, and Wintrobe, 1948). Estimations in normal subjects all gave 
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values within this range, but in two cases of hepatic cirrhosis levels of 190 yg. 
per 100 ml. and 270 yg. per 100 ml. were found. In these two cases the con- 
centration of serum-protein was (1) serum-albumin 3-0 gm. per 100 ml., 
serum-globulin 27 gm. per 100 ml.; (2) serum-albumin 2-9 gm. per 100 ml., 
serum-globulin 3-3 gm. per 100 ml. It will be shown later that serum-copper 
can only be assessed satisfactorily if the concentration of serum-proteins is 
also known. No detectable amount of serum-copper was present in a diffusible 
state, as determined by dialysis through collodion membranes, either in normal 
subjects or in our two patients. Saturation of the serum with glycine did not 
influence this result, the protein-bound copper being apparently stable in the 
presence of excess of aminoacid. The collodion membranes employed were 
shown to be freely permeable to a solution of copper glycinate prepared by 
adding cupric oxide to a solution of glycine. In contrast to these normal results 
obtained in the serum, the urinary excretion of copper was greatly increased 
above normal limits in both cases of the disease: 

Case 1 (D.N.), copper excretion per 24 hours 730 to 970 ug. ; mean 864 yg. 
Case 2 (K.D.), copper excretion per 24 hours 415 to 910 ug. ; mean 625 pg. 
Estimations in 17 normal adult subjects gave values from 10 yg. to 68 wg. per 
24 hours; mean 35 wg. per 24 hours. This range is lower than that given by 
many previous workers, but agrees with that recently reported by Munch- 
Petersen (1950). One of the patients with hepatic cirrhosis was found to 
excrete in the urine 180 yg. copper per 24 hours. An accurate 24-hour specimen 
of urine could not be obtained from the other patient, since he was dying of 
cholaemia, but it can be stated from the urinary copper concentration that the 
excretion was either normal or only slightly increased. The presence of excess 
of copper in the urine of the patients with Wilson’s disease was confirmed by 
paper chromatography of ashed specimens of urine, the reaction for the metal 

being very much greater than that obtained from normal urines. 

The effect of dimercaptopropanol (BAL) on copper excretion. As found by 
previous investigators (McCance and Widdowson, 1946; Mandelbrote, Stanier, 
Thompson, and Thruston, 1948; Porter, 1949; Cumings, 1951), BAL increased 
the urinary excretion of copper both in normal subjects and in the cases of 
Wilson’s disease. This increase was relatively transitory, the main effect occur- 
ring in the first two hours after the injection. Thus in one normal subject the 
following rates of copper excretion per hour were observed after a single intra- 
muscular injection of BAL in a dose of 3 mg. per kg. body-weight : 

First hour after injection, 32-0 ug. copper. 

Second hour after injection, 9-0 ug. copper. 

Third hour after injection, 1-8 yg. copper. 

The necessity. for the analysis of fractionated specimens of urine was not 
realized in the investigations of Case 1 (D.N.), only 24-hour specimens being 
obtained. These showed only a slight rise of copper content. Detailed observa- 
tions were made in Case 2 (K.D.) over two-day periods, with a dose of 3 mg. 
BAL per kg. body-weight repeated three times during the day, the results being 
compared with those found in normal subjects with a similar dose (Fig..2). It 
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will be seen that a much greater excretion of copper occurred in the case of 
Wilson’s disease than in the normal subjects, although, owing to the great differ- 
ence between the basal excretion rates, the proportionate increase was greater 
in the normal subject. 

The effect of aminoacid ingestion on copper excretion. It is known that amino- 
acids form stable, poorly ionized chelation complexes with copper, in which the 
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Fic. 2. Urinary excretion of copper after injections of BAL in a case of hepato- 
lenticular degeneration (continuous io and in two normal subjects (dotted 
metal remains soluble in alkaline solution. It was therefore thought possible 
that an increased aminoaciduria, induced by the ingestion of glycine or alanine, 

might also increase the excretion of copper. This was found to be the case in * 
both patients, copper excretion increasing up to five times the resting level, 
a rise comparable to that following the injection of BAL. In contrast, no such 
rise in urinary copper was found in four normal subjects, in spite of a comparable 
increase in serum and urinary amino-nitrogen (Fig. 3). A response intermediate 
between that of the two patients and that of normal subjects was, however, 
obtained after ingestion of glycine in a patient with cirrhosis of the liver, in 
whom a smaller but still significant increase of copper excretion was found. 
In the. two cases of hepato-lenticular degeneration a considerable degree of 
positive correlation was found between the power of the urine to dissolve copper 
in alkaline solution, as measured by the Albanese and Irby titration, and the 
amount of copper actually excreted (correlation coefficient +0-66, degrees of 
freedom 15, 0:01>P>0-001). This relationship is shown in Fig. 4, where 
values obtained in the two patients are compared with those obtained from the 
case of hepatic cirrhosis and from four normal subjects. After about four hours, 
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in spite of continued hyperaminoaciduria, there was some falling off of the 
increased copper excretion. A similar effect was sometimes seen during courses 
of BAL, and may indicate temporary depletion of readily available copper re- 
serves. It would have been interesting to see whether a second dose of amino- 
acid after an interval of about six hours would have produced the same degree of 
hypercupricuria, but, because of the nausea produced by such large doses of 
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Fic. 3. Effect of ingestion of glycine and alanine on urinary amino-nitrogen 
(broken line), and on urinary copper (black rectangles). Cases of hepato-lenticular 
degeneration above, three normal subjects below. 


glycine and alanine, this observation was not made. Although the maximum 
copper excretion after ingestion of aminoacid was similar in amount to that 
reached after BAL, the former would noi be so effective a means of increasing 
copper elimination, since it would be impossible to give aminoacids in large 
repeated doses. It is probable, however, that the high basal excretion of amino- 
acids in the disease contributes to the increased elimination of copper. 

The effect of injection of ‘cuprelone’. As there appeared to be some evidence 
that the high excretion of copper in hepato-lenticular degeneration is due to a 
renal defect, it was considered necessary to study the excretion of copper after 
artificially raising the concentration of the metal in the plasma. This was done 
by the intravenous injection of the complex salt ‘cuprelone’ (Bayer) in a dose of 
0-625 mg. per kg. body-weight. This substance is sodium copper-allyl-thiourea- 
benzoate, and was found to be non-toxic ai; the dosage used both in normal 
subjects and in one case of hepato-lenticular degeneration (Case 2). It contains 
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approximately 20 per cent. by weight of copper, and in aqueous solution is 
freely diffusible through collodion membranes. This diffusibility was found to be 
greatly reduced on admixture with serum, indicating that combination with 
serum-protein takes place. Immediately after intravenous injection the serum- 
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Fic. 4. The capacity of the urine to dissolve copper in alkaline solution is 
increased after ingestion of glycine or alanine. This increases the urinary 
excretion of copper in two cases of hepato-lenticular degeneration, but has 
no such effect in four normal subjects. A case of hepatic cirrhosis is inter- 

mediate in this respect. 
copper was raised by about 200 ug. per 100 ml., which is almost exactly the 
increase to be expected on the assumptions that plasma is 5 per cent. of the 
body-weight (Gamble, 1947), and that injected copper is bound to plasma- 
protein and therefore does not diffuse into the extracellular fluid. In spite of 
this large increase of serum-copper, no detectable diffusible copper was found 
on dialysis either in normal subjects or in hepato-lenticular degeneration. 
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Serum and urinary levels of copper are shown in Fig. 5. The findings are in 
close agreement with those obtained by van Ravesteyn (1944), who carried out 
similar studies on three normal subjects. The excess of copper rapidly dis- 
appeared from the serum, the resting level being almost regained in two hours. 
Repeated specimens of blood showed that the concentrations of copper fell by a 
typical logarithmic disappearance-curve, which did not differ significantly in 


NORMAL NORMAL HEPATIC WILSON'S 
SUBJECT SUBJECT DISEASE 

na 200; 

Zoo 

Oo 
— 

= 


HOURS AFTER INJECTION OF CUPRELONE 


Fic. 5. Serum and urinary concentrations of copper after intravenous injection of 

‘cuprelone’ in two normal subjects, a case of hepatic cirrhosis, and acase of Wilson’s 

disease. ‘Excess serum-copper’ is obtained by subtracting the basal serum-copper 
from the values obtained after the injection. 


TaBLeE IIT 
Percentage of Injected Copper (as ‘Cuprelone’) Excreted in the Urine 


within Two Hours 
Excess copper excreted in the urine 


Amount of copper in 2 hours 
‘cuprelone’ (mg.) (ug-) % of injected copper 
Normal subject . 10 0-07 
Normal subject 2. 10 3 0-03 
He cirrhosis . 6 2 0-03 
Wi s disease . 5 88 1:8 


normal subjects and in Wilson’s disease. In one case of hepatic cirrhosis the 
increase of serum-copper was considerably less. There was a very small increase 
of urinary copper in the normal subjects and in the case of hepatic cirrhosis, 
but in Case 2 (K.D.) the copper excretion rose to over four times the basal rate. 
The copper excretion in the four subjects studied is compared in Table III. It 
will be seen that, even with the abnormally high excretion in hepato-lenticular 
degeneration, most of the injected copper is temporarily retained in the body. 
It has been shown by van Ravesteyn (1944) in normal subjects that the injected 
copper is slowly eliminated in the bile and via the intestinal mucosa within a 
period of a few weeks. In spite of the fact that the patient must have tem- 
porarily retained almost 5 mg. of copper, there was no evidence that this 
amount had any adverse effect. 
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Discussion 

Aminoacid excretion. Since the original discovery of increased excretion of 
aminoacids in cases of hepato-lenticular degeneration by Uzman and Denny- 
Brown (1948), it has been shown that this abnormality is secondary to a failure 
of renal tubular reabsorption of aminoacids filtered at the glomeruli, rather than 
to a metabolic defect with an increase of these substances in the blood (Porter, 
1949 ; Cooper, Eckhardt, Faloon, and Davidson, 1950; Dent and Harris, 1951). 
Cooper, Eckhardt, Faloon, and Davidson (1950) showed by microbiological 
methods that there was an increased urinary excretion of the 10 ‘essential’ 
aminoacids, arginine, histidine, isoleucine, leucine, lysine, methionine, pheny]l- 
alanine, threonine, tryptophan, and valine, although the serum amino- 
nitrogen was not increased. The observations described above show that there 
is a diminished renal tubular reabsorption of the ‘non-essential’ aminoacids 
glycine and alanine. Dent and Harris (1951) divided cases of abnormal ex- 
cretion of aminoacids secondary to a renal defect into two main classes: the 
‘cystine-lysine’ type, or classical cystinuria, in which there is a specific defect 
in relation to these aminoacids and often also to arginine, and the type showing 
a generalized gross aminoaciduria. The latter class is subdivided into cases of 
vitamin-D resistant rickets or osteomalacia and often renal glycosuria (cases of 
the Fanconi syndrome) and cases showing evidence of disease of the liver and 
basal ganglia (hepato-lenticular degeneration). Patients suffering from Wilson’s 
disease with renal glycosuria have been described (Cooper, Eckhardt, Faloon, 
and Davidson, 1950) ; some cases of the Fanconi syndrome are associated with 
hepatic cirrhosis (Stowers and Dent, 1947). It would seem, however, that the 
skeletal lesions of the one disease and the abnormalities of the basal ganglia in 
the other are specific, and clearly separate the two syndromes. Although a 
tendency to osteoporosis and pathological fracture has been described in some 
patients with Wilson’s disease (von Economo, 1918; Liithy, 1931), there is no 
evidence that this tendency was secondary to a true rickets or osteomalacia, as 
seen in the Fanconi syndrome. 

There is considerable evidence that all the three varieties of renal amino- 
aciduria are hereditary abnormalities. Dent and Harris (1951) showed that the 
Fanconi syndrome is almost certainly due to a recessive factor, whereas the 
inheritance of classical cystinuria could be explained either by a recessive factor, 
with a very high gene-frequency of one in 24 of the general population, or by a 
dominant factor with incomplete penetrance. Hepato-lenticular degeneration 
has been recognized as a familial condition since Wilson’s original description in 
1912, his 12 original cases being taken from only seven separate families. 
Evidence that the inheritance is consistent with a recessive factor has been 
given by Hall (1921), Kehrer (1930), Stadler (1939), and André and van Bogaert 
(1950). The condition often affects several sibs in a family, but direct trans- 
mission from parent to child is very rare. The few uncommon cases of direct 
inheritance, such as that of Glazebrook (1945), could be explained by marriage 
of a sufferer of the disease with a carrier. Consanguinity of the parents of 
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patients is common, as many as nine examples being recorded from the litera- 
ture by André and van Bogaert (1950). There are several recorded examples of 
the disease in both of a pair of identical twins (Curran, 1932; Goodhart and 
Balser, 1938; Gartner, 1941; Homburger and Kozol, 1946; Tébel, 1949), but 
no instance is known in which only one of an identical pair has been affected. 
An investigation was made of the proportion of sufferers to non-affected sibs 


TaBLe IV 


Comparison of the Expected and Observed Numbers of Cases of Wilson’s 
Disease in Affected Families of Varying Size 


Size of Number of Cases Cases 
family families qn expected observed 
2 15 1-143 17-145 18 
3 14 1-297 18-158 22 
4 9 1-463 13-167 18 
5 11 1-640 18-040 28 
6 15 1-825 27-375 42 
7 5 2-020 10-100 10 
8 4 2-222 8-888 12 
9 3 2-433 7-299 5 
10 7 2-649 18-543 22 
11 1 2-872 2-872 1 
1 3-563 


182 


The factor q’n is calculated from the formula tae where 7 is the number of sibs. The 
number of expected cases is obtained from the product of columns 2 and 3. 


in all the available examples of the condition from the literature in which 
family data were adequate, most of the information being derived from the 
families recorded by Kehrer (1930), Stadler (1939), and André and van Bogaert 
(1950). Sibs below the age of 10 years were not included, as in this age group 
there is usually no clinical evidence of the disease. A total of 182 cases from 85 
separate families were available for this analysis, there being 260 unaffected 
sibs. This gives a ratio of 1:1-43, which is very much greater than the expected 
1:3 ratio of recessive inheritance. One reason for this discrepancy is that 
families in which two carrier parents are fortunate enough not to have affected 
children pass unrecognized. A correction for this factor by the method of 
Bernstein (1929) is given in Table IV. This correction increases the expected 
ratio to 1:2-04, but there are still 37 more affected sibs than would be antici- 
pated by theory. This difference is statistically significant (x2 = 14-05; 
P<0-001). The explanation is almost certainly that selected data, giving full 
family details, had of necessity to be used. There would be a bias towards 
presenting such full details in families showing several cases of the disease, 
whereas in apparently sporadic cases, with unaffected sibs, there is often a 
simple statement that no other case of the disease was known in relatives of the 
patient. It is therefore considered likely that the true unbiassed ratio would 
be near to that expected by theory. | 
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Since all these cases are recognized by clinical and not by biochemical means, 
it appears probable that almost all cases are clinically overt. In this respect 
hepato-lenticular degeneration seems to differ from classical cystinuria and from 
the Fanconi syndrome. Only a small proportion of patients with the former 
anomaly develop symptoms due to calculi (Lewis, 1932), and in the latter 
condition asymptomatic cases have been found by examining the urine of sibs 
of affected propositi (Dent and Harris, 1951). The sibs of the two patients 
recorded here showed no urinary abnormality, and were clinically normal. 
A family has already been described by de Verdier (1950) and Hood and 
Fagerberg (1951) in which several elder sibs had hepato-lenticular degeneration, 
while two sibs below the age of 10 years had gross aminoaciduria, although 
clinically normal and not showing any evidence of cirrhosis by liver biopsy. 
The above evidence indicates that such younger sibs of patients with hepato- 
lenticular degeneration, showing asymptomatic aminoaciduria, would be almost 
certain to develop overt clinical evidence of the disease. In contrast, if a 
similar urinary abnormality were found in sibs of patients with the Fanconi 
syndrome or classical cystinuria, it would be possible that no future incapacity 
would result. b 

Abnormalities of copper metabolism. The pigmentation of the cornea, skin, — 
and other organs, found in some cases of hepato-lenticular degeneration, first 
drew attention to the possibility of an abnormal metabolism of heavy metals 
in the disease. Argyria was for long suspected, and, as a result of silver medica- 
tion, may indeed have been the cause of some of the more widespread pigmenta- 
tion observed in the past. In the course of an investigation of this possibility 
Rumpel (1913) reported the incidental finding of an increased concentration of 
copper in the liver of the patient whom he studied. Haurowitz (1930) and 
Liithy (1931) confirmed this finding, and also reported an increased concentra- 
tion of copper in the brain. This abnormal accumulation of copper hasbeen 
fully confirmed by Glazebrook (1945) and Cumings (1948), but its significance 
is uncertain, because an increase of copper in cirrhotic livers not associated with 
hepato-lenticular degeneration has been reported by Herkel (1930). Cumings 
(1948), in a single control case of hepatic cirrhosis, found the concentration of 
copper in the liver to be above the normal, but to be considerably less than in 
his three cases of hepato-lenticular degeneration which came to autopsy. The 
concentration in the brain was increased in Wilson’s disease, but normal in the 
case of hepatic cirrhosis. There appears to be no other record in the literature 
of estimations of copper in the brain in cirrhosis of the liver. It must be con- 
cluded that while there is evidence of some increased retention of copper in 
_ uncomplicated cirrhosis, the accumulation in hepato-lenticular degeneration is 
greater in amount. No attempt to demonstrate the abnormal amount of tissue- 
copper in Wilson’s disease by histochemical methods has been recorded, 
although Mallory and Parker (1931) were successful in this respect in cirrhotic 
livers. 

An abnormally high serum-copper in the disease was first reported by 
Glazebrook (1945), and was also found in two of the four cases reported by 
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Cumings (1951). Normal values were obtained in the present two cases, and in 
one reported by Brinton (1947). Serum-copper is almost entirely in the form of 
a metallo-protein complex, no detectable diffusible copper being obtained on 
dialysis through collodion membranes (Abderhalden and Moller, 1928; Boyden 
and Potter, 1938). This fact was confirmed in serum both from normal subjects 
and from the two patients with the disease. Holmberg and Laurell (1947, 1948) 
claimed that most, if not all, serum-copper is contained in a single pure protein, 
which they have prepared from pig serum and from human pregnancy serum. 
\ This protein, named by them caeruloplasmin, was found to be a blue-coloured 
globulin of molecular weight about 151,000, each molecule containing eight 
atoms of copper. On electrophoretic analysis it was shown to be an alpha- 
globulin. Cartwright (1950) has found a close correlation between values ob- 
tained for serum-copper and various serum-protein fractions as determined by 
electrophoresis. He recorded a correlation coefficient of + 0-67 between serum- 
copper and total globulin, and a coefficient of +-0-84 between serum-copper and 
a-globulin. It is clear, therefore, that evaluation of the significance of abnormal 
serum-copper concentration can only be made in relation to simultaneous 
analysis of serum-protein fractions, preferably by electrophoresis. There are 
no reports so far of electrophoretic fractionation of serum from cases of 
Wilson’s disease. The two patients found by Cumings (1951) to have a raised 
serum-copper both had an abnormally high serum-globulin concentration, and 
in the present patients both serum-copper and serum-globulin were within 
normal limits. There is thus considerable evidence that abnormality of serum- 
copper in cases of Wilson’s disease is non-specific and inconstant. If present, 
it would appear to be secondary to abnormality of serum-protein fractions as a 
result of the associated hepatic cirrhosis. Whitman, Rossmiller, and Lewis 
(1950) described the electrophoretic fractionation of serum-proteins from 
patients with cirrhosis of the liver. The increase of serum-globulin was mainly 
accounted for by an abnormally high concentration of y-globulin, whereas the 
mean value for a-globulin was not increased above the normal level. Variation 
from this mean was, however, much greater than in normal subjects, the 
standard deviation being 2-5 times as great. Some patients with hepatic 
cirrhosis would therefore be expected to show an increase both of a-globulin 
and of serum-copper. The latter has been demonstrated in a case of Banti’s 
syndrome by Cartwright, Huguley, Ashenbrucker, Fay, and Wintrobe (1948), 
and in two cases of cirrhosis studied during the present investigation. 
Whereas abnormalities in both tissue- and serum-copper in Wilson’s disease 
therefore appear not to be specific of the condition, the increased excretion of 
copper in the urine, which has been described by Mandelbrote, Stanier, Thomp- 
son, and Thruston (1948), Porter (1949), and Cumings (1951) does not appear to 
have been observed in other conditions. In this respect a clear distinction must 
be made between increased urinary excretion of copper in proteinous and in 
non-proteinous urines. Munch-Petersen (1950), analysing urinary copper 
excretion in nephritis and other conditions causing proteinuria, found a rough 
linear correlation between the amounts of copper and protein excreted. The 
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values obtained in cases of proteinuria were greater in pregnancy than in non- 
pregnant subjects, presumably owing to the greatly increased concentration of 
a-globulin found in the later months of pregnancy. It appeared therefore that 
the increase in urinary copper in association with proteinuria could be accounted 
for by an abnormal leak through the glomeruli of the copper-protein found in 
plasma. This cannot account for the small excretion of copper in normal 
subjects, nor for the greatly increased excretion in Wilson’s disease where there 
is no proteinuria. It is postulated that there is likely to be a small amount of 
diffusible copper not bound to plasma-protein in the blood, and that this is 
filtered at the glomeruli and accounts for the copper found in protein-free 
urines. Its presence has not been demonstrated by dialysis, but this is no proof 
that very small amounts of diffusible copper are not actually present in plasma. 
The highest basal rate of copper excretion found in our cases of hepato-lenticular 
degeneration was about 0-5 yg. per minute. Since the glomerular filtration rate 
was approximately 50 ml. per minute, it follows that even this abnormally high 
urinary copper could have been derived from plasma containing as little as 
1-0 pg. per 100 ml. of diffusible copper, that is less than 1 per cent. of the total 
serum-copper. This trace proportion of a trace element would be quite beyond 
the capacity of detection of the analytical methods used, and indeed almost at 
the limit of the guaranteed freedom from contaminating copper of the reagents 
employed. Assuming that such diffusible copper is actually present in plasma, 
it seems probable that it would be present in combination with plasma amino- 
acids as a stable, poorly ionized chelation complex, soluble at the faintly 
alkaline reaction of the blood. The importance of such complexes of trace 
metals has recently been reviewed by Corwin (1950) and Albert (1951). The 
stability constant of copper-aminoacid complex has been found to be greater 
than that of any other cation found in biological fluids (Mellor and Maley, 
1947). It was considered possible that the production of an abnormally high 
concentration of aminoacid in plasma and urine by ingestion of glycine or 
alanine might increase urinary copper excretion by increasing the amount of 
diffusible copper filtered at the glomeruli. This expected increase was found 
in both our patients with hepato-lenticular degeneration, and to a lesser extent 
in a patient with hepatic cirrhosis, but not in normal subjects. Two possible 
explanations are put forward to account for this difference. 

1. Owing to the increased amount of tissue-copper in hepato-lenticular 
degeneration and in cirrhosis, hyperaminoaciduria was effective in increasing 
the diffusible copper in the plasma in these conditions, but not in normal 
subjects. The fact that BAL was more effective in increasing copper excretion 
in cases of the disease provides supporting evidence that tissue-copper is more 
readily mobilized than it is in normal subjects. Plasma-copper was found to 
remain bound to protein, and therefore indiffusible, when plasma was mixed 
in vitro with saturated solutions of glycine and alanine, thus demonstrating that 
the excess copper must be derived from tissue-stores and not from protein- 
bound plasma-copper. 

2. There is in Wilson’s disease a defect of renal tubular reabsorption of the 
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copper chelation complex in the glomerular filtrate, in addition to the defective 
reabsorption of free aminoacids. This hypothesis would explain the increased 
urinary copper which is found in the disease in the resting state. 

Further evidence of a renal defect in relation to copper is given by the 
observations on copper excretion following the injection of ‘cuprelone’. There 
was a much larger increase in Wilson’s disease (Case 2) than in a case of hepatic 
cirrhosis or in normal subjects, in spite of similar concentrations in the plasma. 
It was not determined whether the excess of urinary copper was actually ex- 
creted as ‘cuprelone’ or as aminoacid complex. The method of partition chro- 
matography on unashed urine was the only available method of distinguishing 
between these two forms of copper complex, but was unfortunately ineffective 
at the concentrations obtained. It was not feasible to administer complexes 
of copper and aminoacids parenterally, since Huber (1918) showed that these 
substances were toxic when injected into guinea-pigs. In summary, our results 
suggest that an abnormally high urinary copper in the absence of proteinuria 
only occurs when there is both increased tissue-copper and abnormal amino- 
aciduria. Such a combination is almost specific of Wilson’s disease. It is con- 
ceivable, however, that future work on the excretion of copper in other types of 
aminoaciduria, particularly in the Fanconi syndrome, might necessitate modi- 
fication of this view. 

Hepato-lenticular degeneration exhibits the strange paradox of a disease 
combining abnormally high retention of copper in the tissues and excessive 
elimination of the element in the urine. The average adult body has been 
estimated to contain between 100 and 150 mg. of copper (Chou and Adolph, 
1935). Since both our patients excreted a daily average of more than 0-5 mg. 
of copper in the urine, this amount would have been completely eliminated in 
less than a year. A positive copper balance is normally maintained in adults on 
a dietary intake of about 2 mg. of copper per day (Cartwright, 1950). This 
amount is usually slightly exceeded in the average normal diet. It is obvious 
that a smaller proportion of ingested copper must be eliminated in the faeces 
in hepato-lenticular degeneration than in normal subjects. This aspect of the 
disease could be investigated in three possible ways: 

1. An accurate copper balance. This was impossible in the two patients 
studied, since their appetites were capricious and they could not be relied upon 
to take the whole of any prescribed diet. 

2. Determination of the fraction of copper absorbed after a single dose of 
a copper salt by mouth. This was tried in a normal subject, who managed to 
take a dose of 1 mg. per kg. body-weight of copper sulphate in a very dilute 
solution. This dose caused severe nausea and subsequent watery diarrhoea, 
and it was not considered justifiable to repeat the test in the patients. The 
results of van Ravesteyn (1944) were confirmed in the normal subject. There 
was no detectable increase in either serum- or urinary copper, and most of the 
ingested dose was eliminated in the faeces. 

3. The administration of a radioactive copper salt by mouth. This is a much 
more delicate method than the administration of non-labelled copper, since the 
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small amount absorbed is distinguished from the comparatively large amount 
already present in the blood. Thus, while an increase in serum-copper has not 
been observed in man after an excess of copper by mouth, Schubert and 
Riezler (1947) were able to detect small amounts of radioactive copper in 
human serum after a small oral dose of “Cu. This method would be an in- 
formative investigation of copper absorption in Wilson’s disease, but tracer 
methods were not available to the writers, and the use of “Cu is made difficult 
by its short half-life of 12-8 hours. The employment of radioactive copper in 
studies of copper metabolism has recently been reviewed by Comar (1950). 

Therapy. No benefit appeared to result from courses of choline and methio- 
nine in either case. In Case 1 (D.N.) there appeared to be no evidence of 
methionine deficiency, since a methionine-tolerance test was perfectly normal. 
Homburger (1946) also has reported unfavourably on this method of treatment. 
Injections of BAL resulted in no apparent benefit in Case 1, but this patient 
would tolerate only a single course of these painful injections, and the increased 
output of copper which resulted was much less than in Case 2. In Case 2 it was 
considered that a somewhat equivocal improvement followed the first course 
of injections, but there was a spontaneous fluctuation in the severity of the 
patient’s symptoms which made accurate evaluation of the effects of treatment 
difficult. The rationale of treatment with BAL depends on the assumption that 
retention of copper in the tissues is the toxic agent causing damage to both liver 
and brain. No adverse effect was seen in Case 2 (K.D.) after an injection of 
‘cuprelone’, although she must have temporarily retained almost 5 mg. of 
copper, which was ten times the average amount eliminated in excess of basal 
excretion during each day of BAL therapy. Although there is no doubt from 
previous work and from the present investigation that copper metabolism is 
grossly abnormal in hepato-lenticular degeneration, any suggestion that it is 
the basic abnormality of this disease remains a plausible but completely un- 
proved hypothesis. However, since Denny-Brown (1950) and Cumings (1951) 
have observed more definite improvement as a result of therapy with BAL, it 
remains in the present state of knowledge the most hopeful therapeutic agent 
in an extremely disabling and eventually fatal disease. 

In conclusion, it is claimed that the above discussion of the metabolic ab- 
normalities of hepato-lenticular degeneration shows that it is one of the group 
of disorders termed by Garrod (1908) ‘inborn errors of metabolism’, and that 
this disorder affects the liver, brain, kidneys, and cornea, and, by inference, the 
intestinal absorption of copper. Although much information has been accumu- 
lated since the studies of Gowers, the facts that he awaited to elucidate the 
mystery of this disease are still awaited in vain. 
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Summary 


1. Two cases of hepato-lenticular degeneration are described, together with 
the results of investigations of the metabolism and excretion of aminoacids and 
copper. 

2. Excessive excretion of aminoacids in the urine was shown to be due to a 
renal tubular defect, by determinations of serum and urinary amino-nitrogen, 
by paper chromatography, and by determination of amino-nitrogen clearances 
after the ingestion of glycine and alanine. 

3. Both patients had an abnormally high urinary excretion of copper. This 
was further increased by injections of BAL and of a complex organic copper 
compound, ‘cuprelone’. A comparable increase was obtained after the in- 
gestion of large doses of glycine and alanine. The changes produced by these 
agents are compared with similar observations in normal subjects and in a case 
of cirrhosis of the liver, and it is shown that there is a specific abnormality of 
copper metabolism in the disease. It is postulated that there is both an increased 
tissue reserve of this element and a renal defect in relation to copper, as well as 
to aminoacids. Relevant facts regarding copper metabolism are discussed. 

4. Further evidence is given that hepato-lenticular degeneration is an inborn 
error of metabolism resulting from a recessive hereditary factor. 

5. Methods of treatment are discussed, and suggestions are made regarding 
further research procedures. 


ADDENDUM 


Since this paper was written, Denny-Brown and Porter (December 1951) 
have published the results of treatment with BAL of five patients suffering 
from the more chronic ‘pseudosclerotic’ type of hepato-lenticular degeneration. 
Unequivocal improvement was observed, but the authors predicted that less 
benefit was to be expected in the more rapidly progressive form of the disease in 
juvenile patients, in whom cavitation of the basal ganglia is frequently present. 
Our experience confirms this opinion, but it is possible that BAL may prove to 
be an efficient prophylactic agent in preventing overt clinical signs of the disease 
in the sibs of patients, if they have no symptoms but are found to be excreting 
abnormal amounts of urinary aminoacids and copper. Urinary elimination of 
copper in the patients described by Denny-Brown and Porter was found to be 
between 207 and 713 yg. per 24 hours, while the normal range of excretion was 
from zero to 14-7 yg. per 24 hours, a result even lower than that found in the 
present investigation. The increased amount of urinary copper was interpreted 
as being due to an excess of the metal in the serum above a renal threshold. 
The above discussion indicates that this interpretation is probably an over- 
simplification of the true state of affairs. 
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THE MAINTENANCE AND COMPLETION OF ARTIFICIAL 
PNEUMOTHORAX? 


A Study of 315 Completed Cases 


By W. C. HARRIS, F. C. POLES, anp A. W. ANDERSON 
(From the Edgware and Harrow Chest Clinics, Middlesex) 


Mucu has been written about the treatment of pulmonary tuberculosis with 
artificial pneumothorax, but there is little information about one of the most 
important aspects, namely, the optimum period of maintenance. We set our- 
selves the question ‘How long should an artificial pneumothorax be main- 
tained?’ In answering it we considered it necessary to secure data regarding 
the effectiveness of the completed pneumothorax, and further, to discover 
whether there are any permanent ill effects and if so how they can be avoided. 
That there are conflicting views on the correct time for the abandonment of 
artificial pneumothoraces will be seen from the replies to questions sent to a 
number of American chest physicians (Hayes, 1949). Cold (1937) could not 
show that the period of collapse had any significant influence on the relapse 
rate, and Mitchell (1951), using 36 months as a dividing line, could find no 
difference between the short- and long-term pneumothorax. Potter (1942) 
following the progress of 118 patients with 162 artificial pneumothoraces, found 
that there was a greater chance of relapse in pneumothoraces maintained for 
18 months or less than in those maintained for a longer period. Eglee and Jones 
(1937) studied 100 patients in whom re-expansion had occurred after pneumo- 
thorax treatment, and concluded that two to three years was an adequate 
period of collapse for a cavitating lesion. They found also that spontaneous 
obliteration, even in an early phase, did not lead to a higher breakdown rate. 
Previously Packard (1932) had found that when a pneumothorax had been satis- 
factorily maintained for two years, obliteration need not be regarded with fear, 
although he did not commit himself to an opinion as to whether the lung should 
be deliberately allowed to re-expand. Aycock and Keller (1938) devoted a paper 
to the discussion of re-expansion ; they considered that the general condition 
of the patient and the condition of the lung should be the determining factors, 
rather than the length of time of collapse. They pointed out the dangers of 
prolonged collapse, and emphasized the fact that some lesions would inevitably 
be reactivated after re-expansion, just as lesions treated by other means become 
reactivated. The same authors (1942) discussed some of the dangers in the 
belief that it is better to maintain a pneumothorax longer than is necessary 
than to risk reactivation. The trend of thought gained from the literature on 
the subject suggests that an artificial pneumothorax should be a relatively 
1 Received June 2, 1952. 
Quarterly Journal of Medicine, New Series XXI, No. 84, October 1952. 
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short-term procedure. Healing is the aim; the mere act of keeping a lung col- 
lapsed when once this has been achieved is no insurance against breakdown, 
and carries with it certain dangers. In spite of this we think that there is still 
a tendency to maintain pneumothoraces longer than is necessary, and the present 
paper contributes evidence relating to the optimum period of maintenance. 

The aim of artificial pneumothorax treatment should go further than the 
achievement of healing of the diseased area, and should include restoration of 
the relaxed lung, both anatomically and physiologically, to as near normal as 
possible. Incomplete re-expansion carries with it, among more formidable 
complications, a high incidence of mediastinal shift. This mediastinal shift may 
theoretically produce over-distension in the contralateral lung, and this may in 
turn reactivate any disease which is present in that lung. Fear of recrudescence 
of a quiescent or healed contralateral lesion from compensatory emphysema 
has probably been exaggerated in the past, and has been one of the reasons for 
unnecessarily long maintenance of artificial pneumothoraces. That the fear is 
theoretical is borne out by a study of the literature. Morriss (1942), in a series 
of 370 cases, found mediastinal shift in a very high percentage (76-5 per cent.), 
but did not relate this finding to contralateral relapse. Mitchell (1951) found 
reactivation of a contralateral lesion in 34 cases; 25 occurred in the 165 cases 
with mediastinal shift (15 per cent.), and nine in the 95 cases in which there was 
no shift (9 per cent.), a difference which is not statistically significant. Scadding, 
Nicholson, and Hoyle (1951) found a contralateral relapse rate of five in 33 cases 
(15 per cent.), but there is no mention of the correlation with mediastinal shift. 
From our own study of re-expanded artificial pneumothoraces we are able to 
show that, from the viewpoint of breakdown of contralateral arrested lesions, 
mediastinal shift need not be viewed with apprehension. 


Cases Analysed 


The patients considered here are those in whom a pneumothorax was termi- 
nated as having effectively controlled the disease. Those in whom a pneumo- 
thorax had been abandoned because it was unsatisfactory, or because of the 
presence of fluid, where the underlying lesion was still active, have not been 
included. The material at our disposal consists of the records of 279 patients 
at the Edgware and Harrow Chest Clinics, in whom 315 artificial pneumo- 
thoraces have been abandoned as having, it was believed, achieved their object. 
From the records available to us it has not always been possible to determine 
why the decision had been made to abandon a pneumothorax at a particular 
time. There was no correlation between the severity of the initial disease and 
the duration of relaxation. Thus we find that in 30 lungs (21-9 per cent.) which 
had been relaxed for periods in excess of five years, infiltrating lesions only were 
present. At the same time, in 45 instances (75 per cent.) in which the artificial 
pneumothorax was maintained for less than three years, the lesions were cavitat- 
ing. The apparently random decisions to terminate pneumothoraces were prob- 
ably partly due to the large number of doctors responsible for the decisions 
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made during the period underreview. Each had his own criteria for termination. 
Some only terminated a pneumothorax when refills became too difficult, others 
when the pneumothorax had been present for five years, and still others allowed 
the lung to re-expand when radiology suggested that healing had occurred. On 
the other hand several were maintained for more than 10 years, a fact which 
would indicate that some, at least, of the responsible physicians were in favour 
of indefinite maintenance. 


Effectiveness of Artificial Pneumothorax Treatment 


Anderson (1950) has pointed out that artificial pneumothorax as a method 
of treatment is only complete when the lung has re-expanded after what is 


TABLE I 
Breakdown Rate 
Breakdown 
Follow-up (years) risk Number Per cent. 
1 to 2 266 5 1:5 
2to3 191 5 2-6 
3 to 4 ; 145 4 2-7 
4to5 ‘ 113 3 2-7 
More than 5 A é 75 3 4 


thought to be an adequate period of collapse. In evaluating the effectiveness 
of artificial pneumothorax we think that the only cases which are relevant are 
those in which the treatment has been completed. In such cases we may assume 
treatment to have been effective if breakdown did not subsequently occur. It 
follows that the breakdown rate may be used as an indirect measure of the 
effectiveness of this form of treatment. The terminated pneumothoraces under 
review have been followed for a minimum period of six months, and in 75 cases 
for more than five years. Bacteriological examinations, consisting of culture 
of sputum or a pair of laryngeal swabs asa minimum, were made on each patient, 
except those who were dead or had been discharged as ‘recovered’. All patients 
in whom radiology showed a spread of disease, or who showed a positive bacterio- 
logical finding, were classed as cases of ‘breakdown’. Breakdown occurred in 
only 32 cases, an overall rate of 10-2 per cent. (Table I). This we regard as a 
satisfactory figure, and one which justifies the use of artificial pneumothorax 
therapy. The number of cases breaking down each year, with the exception of 
the first year, is remarkably constant and quite small. The rather higher figure 
during the first year after completion of treatment, although not statistically 
significant, suggests that the first year may be a dangerous period; but there 
is a possibility that some cases came to light only by bacteriological examina- 
tion, a measure neglected surprisingly often prior to abandonment. Some of 
these cases may have been bacteriologically positive before termination. The 
figures indicate that, although the breakdown rate after an artificial pneumo- 
thorax is low, the re-expanded lung should be watched very carefully during 
the first year. 
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Standards of Initial Artificial Pneumothorax, Method of Maintenance, and 
End-Results 
Each artificial pneumothorax was reviewed with the help of a film taken 
immediately after discharge from sanatorium or hospital, and was placed in 
one of four groups: Group A. Good artificial pneumothorax. Negative sputum. 
No adhesions. No atelectasis, and fluid, if present, minimal in amount and not 
extending above the dome of the diaphragm. Group B 1. Satisfactory artificial 


TaBLeE IT 
End-Results 
Group 
Number of cases 1 2 3a 3b 4 
315 109 94 66 14 32 
Satisfactory Bad results 
Good results results (active disease) 
203 (64:4%) 80 (25-4%) 32 (10:2%) 


pneumothorax. Negative sputum, but either adhesions, a minor degree of ate- 
lectasis, or fluid above the dome of the diaphragm. Group B 2. As Group B1, 
but a more marked degree of adhesions, atelectasis or fluid. Group C. Bad 
artificial pneumothorax. Positive sputum. Patent cavity or massive atelectasis. 

Further, the most recent X-ray film available after the lung had re-expanded 
was examined, and the patient was placed in one of five categories: Group 1. 
Good result. Negative sputum. Lesion healed. Complete re-expansion. No 
pleural fluid or thickening. No mediastinal shift. Growp 2. Good result. Nega- 
tive sputum. Lesion healed, but incomplete re-expansion, pleural thickening, 
or slight mediastinal shift. Group 3a. Satisfactory result. As Group 2, but 
a more severe defect of pulmonary expansion. Group 3b. Satisfactory result, 
as in Group 3a, but with symptoms present. Growp 4. Bad result. Positive 
sputum. Cavity present, or reactivation of disease. 

The radiological examinations placing our patients in the above groups were 
carried out by two independent observers. In addition a complete series of 
X-ray films of each pneumothorax was examined so as to classify the method 
of maintenance. They were labelled ‘well’ or ‘badly’ maintained according to 
the degree of collapse and the presence of fluid. If the lung was pushed too far 
down, or the pneumothorax filled in the presence of more than a trace of fluid, 
the pneumothorax was regarded as having been ‘badly maintained’. The 
presence of adhesions did not necessarily mean that the pneumothorax was 
badly maintained; adhesions were a constant feature in the older pneumo- 
thoraces, but many were perfectly well maintained in spite of adhesions. The 
end-results of treatment are presented in tabular form in Table II. Groups 1 
and 2 are placed together as ‘good’ results, Groups 3a and 3b as ‘satisfactory’ 
results, and Group 4 represents ‘bad’ results. All further Tables are drawn up 
with these merged groupings. 
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Period of maintenance of artificial pneumothoraces. The duration of collapse 
was studied in relation to the end-results (Table III). These figures are too 
small to provide statistical evidence ; we have therefore divided the artificial 
pneumothoraces into three main groups (Table IV): (1) less than three years’ 
duration (short-term pneumothoraces) ; (2) more than three and less than five 
years’ duration (medium-term pneumothoraces); (3) more than five years’ 


IIT 
Duration of Artificial Pneumothorax Related to End-Results 
Duration of artificial Number Good Satisfactory Bad results 
pneumothorax in years of cases results results (active disease) 
Under 1 4 2 2 — 
1 to 2 19 13 4 2 
2 to 3 37 23 9 5 
3 to 4 47 30 11 6 
4to5 64 43 13 8 
5 to 6 48 34 12 2 
6 to 7 37 25 8 6 
7 to 8 32 19 10 1 
8 to 9 15 10 Z 1 
9 to 10 4 2 2 
More than10 ° 8 2 5 1 
315 203 80 32 
TaBLE IV 
End-Results of Short-, Medium-, and Long-Term Artificial Pnewmothoraces 
Duration of A.P. Number Good Satisfactory Bad results 
im years of cases results results (active disease) 
Lessthan3 60 38 (63:3%) 15 (25%) 7 (117%) 
3 to 5 73 (65:8%) 24 (216%) 14 (126%) 
Morethan5 . . 144 92 (63-9%) 41 (284%) (7-6%) 


duration (long-term pneumothoraces). The percentage of good end-results is 
remarkably constant in the three groups. There is a slightly higher percentage 
of bad results in the short-term group than in the long-term group, but this 
difference is not statistically significant. We are left with the conclusion that 
there is nothing to be gained by maintaining an artificial pneumothorax for 
more than three years; there may in fact be disadvantages in doing so. 

Relationship of end-results to various factors. 1. Age and sex. The breakdown 
rate is not significantly influenced by the age at induction, but the chance of 
a good end-result undoubtedly decreases with increasing age: thus the over-35- 
years age-group have only a 41-7 per cent. chance of a good end-result, compared 
with 72-2 per cent. in the under-25-years group (Table V). Sex has no significant 
relation to the end-results (Table VI). 

2. Type of lesion (Table VII). Seventy of the series of artificial pneumo- 
thoraces were induced for infiltrating lesions ; in some of these cases cavitation 
might have been demonstrated had tomography been available. Definite cavita- 
tion was present in 245 cases (78 per cent.). There was no correlation between 
cavitation and the length of maintenance ; each of the three groups (duration of 
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artificial pneumothorax less than three years, three to five years, and more 
than five years) contained approximately the same percentage of cavitating 
lesions (Table VIII). The breakdown rate was significantly higher in the group 
with cavitation, a finding which is in agreement with that of Mitchell (1951). 
At the same time the percentage of good results was significantly higher in the 
group with infiltrating lesions than in the group with cavitating lesions (Table 


TABLE V 


Age at Induction related to End-Results 


Age of patient at Number Good Satisfactory Bad results 

induction (years) of cases results results (active disease) 
Under 25 . 169 122 (72:2%) 33 (19-5%) 14 (8-3%) 
25to 34. 110 66 (60%) 29 (26-4%) 15 (13-6%) 
Over35 36 15 (41-7%) 18 (50%) 3 (8-3%) 


TABLE VI 


Sex of Patients related to End-Results 


Number Good Satisfactory Bad results 
of cases results results (active disease) 


130 80 (61:5%) 40 (30-8%) 10 (7:7%) 
185 123 (66-5%) 40 (216%) (119%) 


TABLE VII 


Type of Lesion related to End-Results 


Number Good Satisfactory Bad results 
Type of lesion of cases results results (active disease) 


Infiltration 70 52 (74-3%) 16 (22-9%) 2 (2-8%) 
Cavitation . ° . 245 151 (61-4%) 64 (26-1%) 30 (12-5%) 
TaBLE VIII 
Type of Lesion related to Duration of Artificial Pneumothorax 

Duration of A.P. (years) 


Up to 3 305 5 and over 
Infiltration . . 15 25 30 
Cavitation . . 45 (75%) 86 (75:7%) 114 (79-1%) 


VII). These figures indicate, as would be expected, that the outlook is better 
when a cavity has not been demonstrated than if cavitation is present. Since 
the percentage of cavitating cases is approximately the same in all three 
duration-groups (Table VIII), it follows that the outlook with cavitating lesions, 
though not so good as with infiltrating lesions, is not improved by maintaining 
the artificial pneumothorax for more than three years. 

3. Sputum findings. There was no significant difference between the sputum- 
negative and sputum-positive groups (Table IX). 

Relationship of end-result to pneumothorax. 1. Initial artificial pneumo- 
thorax. Disregarding the bad artificial pneumothoraces (Group C) as too few 
for analysis, Table X shows that the better the initial pneumothorax the better 
are the chances of a good end-result. 
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2. Fluid. A high proportion of the patients (45-7 per cent.) developed fluid 
at some time during the course of the pneumothorax (Table XI), and there is 
no doubt that, although fluid does not influence the breakdown rate, it affects 


TABLE IX 
Sputum Findings (before Induction of Artificial Pneumothorax) related to End- 
Results 


Number Good Satisfactory Bad results 
Sputum finding of cases results results (active disease) 
Negative . . . 48 29 (67-4%) 11 (25-6%) 3 (70%) 
Positive . 244 150 (61-5%) 68 (27:9%) 26 (10-6%) 
Information inadequate in 28 cases. 


TABLE X 
State of Initial Artificial Pneumothorax related to End-Results 


Number Good Satisfactory Bad results 
Initial A.P. of cases results results (active disease) 


GroupA .  . lg 92 (77-3%) 17 (143%) 10 (84%) 
GroupBl. . . 122 84 (68:3%) 24 (20-2%) 14 (115%) 
GroupB2. . . 70 26 (37-1%) 39 (55-7%) 5 (71%) 
GroupC 4 1 (25%) 3 (75%) 


TABLE XI 
Presence of Fluid (at any time during Maintenance of Artificial Pneumothorazx) 
related to End-Results 


Number Good Satisfactory Bad results 
of cases results results (active disease) 
144 69 (47-9%) 61 (42-8%) 14 (9-3%) 
171 134 (78-4%) 19 (11-1%) 18 (10-5%) 
Total cases developing fluid, 144 (45-7%) 


TaBLe XIT 
Type of Maintenance related to End-Resulis 


Number Good Satisfactory Bad results 
of cases results results (active disease) 
162 (51-4%) 135 (83-3%) 15 (9:8%) 12 (6-9%) 
147 (46-6%) 66 (44:9%) 64 (43-5%) 17 (11-6%) 
Data inadequate in 6 cases. 


TaBLE XIII 
Method of Termination related to End-Results 


Number Good Satisfactory Bad results 
Method of termination of cases results results (active disease) 


Planned . . . 196 125 (63-3%) 50 (255%) 21 (112%) 
Obliterating . hig 78 (65:5%) 30 (25-2%) 11 (9°3%) 


the end-result. The pneumothorax in which fluid has never developed has 
a much better fate than that in which fluid has been present. 

3. Type of maintenance. In only six patients of the series were data insuffi- 
cient, because of the lack of X-rays, to judge whether an artificial pneumothorax 


Fluid 
No fluid . : 
| Type of 
maintenance 
Good 
Bad 
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had been well or badly maintained. A surprisingly high proportion of the 
pneumothoraces (46-6 per cent.) were badly maintained, and the effect of bad 
maintenance on end-results was striking (Table XII). A badly maintained 
pneumothorax has only about half the chance of a good end-result, compared 
with one which is well maintained. The type of maintenance does not, however, 
bear any relationship to subsequent breakdown. 

4. Method of termination. This had no apparent effect on the end-results 
(Table XIII). 

Effect of mediastinal shift on contralateral lesions. Of the 279 patients in 
the series, mediastinal shift was present in 117 (42 per cent.) after the artificial 


TABLE XIV 


Effect of Mediastinal Shift after Re-expansion 
Number Recrudescence of 
of cases contralateral lesion 


Bilateral disease with mediastinal shift . 67 2 (2:9%) 
Bilateral disease without mediastinal shift . 92 2 (22%) 


pneumothorax, or pneumothoraces in bilateral cases, had been completed and 
the lung re-expanded. In 80 of these patients the shift was moderate in degree, 
and in 37 severe. At the time of abandoning the artificial pneumothorax 159 
of our patients had lesions in the contralateral lung, and in 67 of these medias- 
tinal shift had occurred on re-expanding the collapsed lung. Four lesions on the 
contralateral side (2-5 per cent.) were reactivated, two in patients with medias- 
tinal shift and two in patients without mediastinal shift (Table XIV). There 
is no significant difference between these figures, and we feel justified in con- 
cluding that re-expansion of a pneumothorax, even if mediastinal shift occurs, 
is not likely to cause reactivation of a contralateral pulmonary lesion. 


Discussion 

Artificial pneumothorax as a form of treatment for pulmonary tuberculosis 
is losing favour in many centres in this country, and more so in America (Keers, 
1950). Much has been written about the selection of cases, and in the light of 
the views expressed many of the patients in the present series might be held 
to have been unsuitable for this form of treatment. Nevertheless, we think 
that the overall results are good. With better selection, chemotherapy, and 
thoracoscopy, we believe that artificial pneumothorax still has an important 
role to play, providing that it is well maintained and is looked upon purely as 
a temporary collapse measure. From the present series of cases we venture to 
conclude that there is nothing to be gained by maintaining an artificial pneumo- 
thorax for more than three years. Arrest of the lesion must be the only criterion 
for termination ; maintaining collapse of the lung in which there is an arrested 
lesion is no insurance against breakdown, and has considerable potential danger. 
It is by no means easy to give a definite opinion as to arrest on radiological 
evidence, but we feel that a bolder attitude is needed on the part of chest 
physicians. For patients with initial cavitating lesions and positive sputum, we 
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suggest that three pairs of laryngeal swabs should be cultured about three years 
after satisfactory relaxation by artificial pneumothorax. If these cultures are 
negative the pneumothorax can probably be abandoned with safety. With 
infiltrating lesions a shorter period, probably two years, may be adequate, but 
we have insufficient evidence from which to draw definite conclusions, as only 
70 of our cases were non-cavitating. We think that short-term maintenance is 


TABLE XV 
Type of Maintenance related to Duration of Pneumothorax 


Duration in years 


Number 
Maintenance of cases Less than 3 38 to 5 Over 5 
Good 162 37 (228%) 58 (35-83%) 67 (41-4%) 
Bad . 147 20 (13-6%) 51 (34:7%) 76 (51-7%) 
TaBLE XVI 
Type of Maintenance at Edgware and Harrow Clinics Compared 
Maintenance Edgware Harrow 
Good . - 107 (449%) 55 (71-4%) 
Bad  . (525%) 22 (28-6%) 


Data inadequate in 6 cases. 


specially important in the higher age-group, in which, at best, only 41-7 per cent. 
of cases have good end-results. More importance should be paid to the warning 
sign of fluid. Table XI shows that when once fluid develops the chance of 
a good end-result drops from 78-4 per cent. to 47-9 per cent. Too often pneumo- 
thoraces are maintained in spite of the presence of fluid, because it is considered 
that the lung has been collapsed for an inadequate period. We think that our 
figures show that continued maintenance is unwise, even without taking into 
consideration the dangers of empyema. 

One of the findings which stands out most remarkably in the present study is 
the large number of pneumothoraces which were, in our opinion, badly main- 
tained (46-6 per cent.). As already shown (Table XII), bad maintenance carries 
with it a much lower chance of a good end-result, although the incidence of 
breakdown is not significantly affected. This in itself is a good reason for early 
termination, for the longer collapse is maintained the greater are the chances 
of mismanagement. Table XV shows this fact numerically. We think that 
a very important problem arises from the question of faulty maintenance, a 
problem which is linked with the staffing of chest clinics. Young (1949) has 
shown how much better are the results of artificial pneumothorax therapy in 
private patients, where one physician has been responsible for their manage- 
ment, than in a hospital group of patients supervised by many physicians. Too 
little attention has been paid to this factor. The records of most clinics show 
a progressive increase in the size of refill sessions. It is most important that 
sessions should be kept within bounds which enable sufficient time to be given 
to each individual. Further, the necessity for employing holiday locum tenentes, 
because clinics cannot work efficiently with any depletion of staff, carries with 
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it a danger, especially when these workers are inexperienced. Table XVI shows 
an interesting comparison between the Edgware and Harrow Chest Clinics. 
The difference between the percentages of badly maintained artificial pneumo- 
thoraces at the two clinics is striking. We think that this difference is entirely 
attributable to the staffing of the two clinics. From the end of 1946 to the end 
of 1949, because of a series of resignations and illnesses, there was a serious lack 
of continuity at the Edgware Chest Clinic. This change of personnel controlling 
the management of the pneumothoraces produced a series of mishaps similar 
to that found by Young (1949) in his hospital series of patients. During the 
same period the Harrow Chest Clinic managed to retain a continuity of staff, 
a factor which may well have been responsible for the better results obtained 
at that clinic. 


We wish to acknowledge our indebtedness to Dr. H. J. Trenchard and Dr. 
R. Grenville-Mathers, Physicians in Charge at the Edgware and Harrow Chest 
Clinics respectively, for permission to use their cases, for acting as independent 
observers in the assessment of all X-rays, and for their stimulating encourage- 
ment and advice. 


Summary 


The results obtained in the treatment of 279 tuberculous patients with 
315 completed artificial pneumothoraces are reported. These cases have been 
followed for an average of three years and 11 months, with a minimum of six 
months, and 75 were followed for more than five years. 

From the cases studied it is suggested that many artificial pneumothoraces 
are maintained for unnecessarily long periods. In cavitating lesions the optimum 
period of maintenance appears to be three years, and a lesser period may be 
adequate for non-cavitating disease. 

An artificial pneumothorax badly maintained, even for a short period, espe- 
cially in the higher age-groups, adversely affects the end-result, though not the 
breakdown rate. This is an occurrence which can be avoided by adequate staff- 
ing and organization of refill clinics. 

Mediastinal shift following the re-expansion of a lung after artificial pneumo- 
thorax is not a cause of reactivation of a healed contralateral pulmonary lesion. 
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FORTY-SIXTH ANNUAL GENERAL MEETING 


THe Forty-sixtH ANNUAL GENERAL MEETING was held in Sheffield on Friday and 
Saturday, May 30 and 31, 1952 in the City Memorial Hall. The attendance book was 
signed by 199 members. The proceedings began at 10 a.m. 

The President, Sir John McNee, was in the Chair. 

The Minutes of the last Annual General Meeting having been published in the Quarterly 
Journal of Medicine were taken as read, confirmed, and signed. The election of Officers, 
Executive Committee, Honorary Members, and Ordinary Members then followed. 
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Treasurer. Dr. C. Newman. 
Secretary. Dr. W. I. Card. 
Members for England: 
Dr. A. M. Cooke. 


Professor R. Platt. 
Professor R. V. Christie. 
Dr. Terence East. 
Professor C. Bruce Perry. 
Dr. N. Lloyd Rusby. 


Members for Scotland: 
Professor H. W. Fullerton. 
Dr. J. D. S. Cameron. 
Professor Stanley G. Graham. 


Members for Ireland: 
Dr. F. F. Kane. 
Dr. D. K. O’Donovan. 
Dr. O. Fitzgerald. 


Election of Honorary Members 
Dr. J. M. Bligh. 
Dr. R. C. Clarke. 
Sir John Conybeare. 
Dr. George Graham. 
Dr. George Hall. 
Professor Sir John McNee. 
Professor T. H. Oliver. 
Dr. S. W. Patterson. 
Sir Alun Rowlands. 
Dr. G. E. S. Ward. 


Election of Ordinary Members 

Graham MacGregor Bull, M.D., M.R.C.P., Physician, Hammersmith Hospital. 

Joseph Elmhirst Cates, M.D., M.R.C.P., Physician, United Bristol Hospitals. 

John Wenman Crofton, M.D., F.R.C.P., Professor of Tuberculosis and Diseases of the 
Chest, University of Edinburgh.. 

Charles Edwin Davies, D.M., M.R.C.P., Senior Lecturer in Medicine, University of 
Sheffield. 

Antony Clifford Dornhorst, M.D., M.R.C.P., Reader in Medicine, University of London, 
at St. Thomas’s Hospital. 

William Robertson Gauld, M.D., M.R.C.P., Physician, Royal Infirmary, Aberdeen. 

William Eric Gibb, D.M., F.R.C.P., Assistant Physician, St. Bartholomew’s Hospital. 
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Gilbert Steward Hall, M.D., F.R.C.P., Assistant Physician, Department of Neurology, 
United Birmingham Hospitals. 

James Innes, M.D., F.R.C.P., Assistant Physician, Royal Infirmary, Edinburgh. . 

Ralph Kauntze, M.D., F.R.C.P., Assistant Physician, Guy’s Hospital. 

John David Nunes Nabarro, M.D., M.R.C.P., First Assistant to the Medical Unit, 
University College Hospital Medical School. 

Maurice Gerald Nelson, M.D., M.R.C.P., Physician in Charge, Haematological Depart- 
ment, Royal Victoria Hospital, Belfast. 

Samuel Oram, M.D., F.R.C.P., Assistant Physician, King’s College Hospital. ; 

James Francis Pantridge, M.D., M.R.C.P., Physician, Royal Victoria Hospital, Belfast. 

Robert Lawrence Richards, M.D., M.R.C.P., Senior Lecturer in Medicine, University 
of Glasgow. 

Kenneth Moorhouse Robertson, M.D., F.R.C.P., Consulting Physician, Southampton 
Group of Hospitals. 

Sheila Patricia Violet Sherlock, M.D., F.R.C.P., Physician, Hammersmith Hospital. 

John David Spillane, M.D., F.R.C.P., Neurologist, United Cardiff Hospitals. 

Deryck Taverner, M.B.E., M.D., M.R.C.P., Lecturer in Medicine, University of Leeds. 


The Treasurer, Dr. Charles Newman, in presenting the Annual Accounts for the year 
1951, pointed out that the expenses of the Association were now greater than the sub- 
scription income, although the closing balance was still greater than the opening balance 
for the year. On the proposal of the Treasurer, seconded by Professor Nattrass, the accounts 
were approved, adopted, and entered in the Minutes. 

The Treasurer then gave details of the annual expenditure of the Association and the 
amount of income which would be produced by various subscription levels, and on the 
proposal of the President it was agreed without dissent that the annual subscription 
payable by Members of the Association should be £3 instead of £2 as from January 1, 1953. 

The Association referred to the Executive Committee the question of payment for the 
Quarterly Journal of Medicine supplied to Honorary Members. 

Place of meeting, 1953 and 1954. The Association having agreed to meet in 1953 at 
Newcastle-upon-Tyne, under the Presidency of Professor F. J. Nattrass, Professor V. M. 
Synge invited the Association to Dublin in 1954. The invitation was cordially accepted. 

The new President, Dr. Gurney: Yates, was then inducted to the Chair, and expressed 
the thanks of the Association to the retiring President, Sir John McNee. 


SCIENTIFIC BUSINESS 
Friday Morning, May 30 

1. Dr. D. A. K. Buack and Dr. M. D. Mrxnz (introduced) reported the production in 
two normal subjects of Experimental Potassium Depletion of severity comparable to that 
of acute clinical potassium depletion. Dr. Black said that there were no definite ill effects, 
and he attributed their lack to the fact that compensatory mechanisms could come into 
play unhampered by disorders of metabolism other than potassium depletion. He suggested 
that alkalosis might be one such mechanism, a hypothesis which was supported by the 
greater clinical severity of potassium depletion associated with acidosis, as in diabetic 
coma, in contrast to alkalosis, as in pyloric stenosis. He advised a conservative attitude 
to potassium therapy. 

2. Dr. DonaLD HunTER described some Studies in Osteomalacia. He said that osteo- 
malacia was adult rickets. It was characterized by increased width of the osteoid seams 
throughout the bones. Three principal types of osteomalacia were known: the first was 
due to a diet deficient in vitamin D and calcium salts, and might be referred to as dietetic 
osteomalacia ; the second was due to deficient absorption of vitamin D and calcium salts, 
and was seen in idiopathic steatorrhoea (Gee’s disease), and the third was the result of 
a renal tubular defect which could lead to excessive loss of phosphate in the urine (Fanconi 
syndrome). Dr. Hunter said that the Fanconi syndrome was a form of osteomalacia 
readily identifiable because of the associated renal glycosuria. It was evidently due to 
a renal lesion in which there was defective tubular reabsorption of glucose, aminoacids, 
and phosphate. The following aminoacids had been identified in the urine in abnormally 
large amounts: cystine, tyrosine, glutamine, glycine, serine, threonine, lysine, histidine, 
valine, leucine, arginine, proline, alanine, and phenylalanine. The excessive drain of 
phosphate through the kidneys led to such a low level of inorganic phosphate in the blood 
that the ossification of osteoid tissue in the skeleton was always imperfect. The prognosis 
was bad. Death might occur from the effects of gradual collapse of the thoracic cage, from 


renal or hepatic insufficiency, or even from primary carcinoma of the liver with widespread 
metastases. 
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3. Dr. M. D. MILNE (introduced) discussed the Associated Biochemical Anomalies in 
Cases of Renal Aminoaciduria. Two distinct disease entities had recently been shown to 
be characterized by an increased output of aminoacids in the urine as a result of a renal 
tubular defect ; the Fanconi syndrome, and hepato-lenticular degeneration. The former 
condition was due to a primary defect of the proximal renal tubules involving a diminished 
reabsorption from the glomerular filtrate of aminoacids, glucose, and phosphate, and in 
some cases of ketone bodies and bicarbonate. Dr. Milne said that the abnormality in 
respect of phosphate could be corrected by appropriate treatment with high doses of 
calciferol and the correction of systemic acidosis. Deficient reabsorption of bicarbonate 
led to acidosis and excessive loss of fixed base, especially sodium, potassium, and calcium. 
He emphasized the fact that the proximal tubular defect in hepato-lenticular degeneration 
was more specific, and usually limited to a deficient reabsorption of aminoacids. The other 
important biochemical anomaly was that of copper metabolism, resulting in increased 
retention of the metal in the liver and basal ganglia, and an increase of urinary copper. 
He said that ingestion of glycine and alanine in cases of the disease resulted in further 
increase of urinary amino-nitrogen and copper. This suggested that copper was excreted 
in the form of a metallo-aminoacid complex. Treatment with dimercaptopropanol (BAL) 
which had been shown to be of benefit in the chronic, so-called ‘pseudo-sclerotic’ type of 
the disease, was found to be relatively ineffective in the more acute juvenile cases, where 
cavitation of basal ganglia was often present. 

Dr. Hunter congratulated Dr. Milne on his work and said that, whereas members of 
the Association continued to hope that more communications would concern patients, the 
biochemical anomalies deseribed had a wide bearing on many illnesses encountered in 
general medicine. 


4, Dr. K. W. Donan, Dr. J. M. BisHop, Dr. G. C. Cummina, Proressor M. ARNoTT, 
and Dr. O. L. WaDE reported their Study of the Effect of Nursing Positions on the Resting 
Cardiac Output. Dr. Donald said that the cardiac output had been determined in these 
two positions in about 30 subjects. The majority had had normal resting cardiac outputs, 
and some had normal cardiovascular systems, while others had various cardiac or pul- 
monary lesions. Subjects with high cardiac outputs (thyrotoxicosis and anaemia) and low 
cardiac outputs (cardiac disease) had also been studied. The cardiac output was deter- 
mined by using the Fick principle, the sampling of mixed venous blood, arterial blood, 
and expired air having been carried out. The cardiac output determination had been 
duplicated in each position. He showed that the changes in cardiac output in the ‘sitting 
up’ position (with a high cardiac wedge and the legs still horizontal), as compared with the 
supine position (with one low pillow) were very variable; the cardiac output sometimes 
decreased, and sometimes increased significantly. Changes of the order reported in the 
classical ‘tilting’ experiments had been rarely encountered. 

Proressor J. McMicHakEt said that Dr. Donald’s work did not contradict the finding 
that the ourvput of the heart was considerably reduced in the standing position. On the 
tilting i2bie che feet-down position at 30° was usually accompanied by a very significant 
drop in cardiac output. He said that it would seem essential that the vessels of the legs 
should really be under the influence of gravity to get this effect. He thought it would be 
unwise to extrapolate these results to the interpretation of orthopnoea as yet. 


5. Dr. E. E. Pocutn spoke on the indications for Radioiodine Therapy of Thyroid 
Carcinoma. He said that in a series of 27 cases of thyroid carcinoma which he had investi- 
gated with radioiodine, at least seven of the 16 differentiated tumours had been shown to 
concentrate iodine, although this capacity had only become demonstrable after total 
thyroid ablation in four of the cases. Of the eight differentiated tumours examined after 
such ablation, uptake had been obvious in six and probable in the remaining two. He 
suggested that, as a general procedure in the management of patients with thyroid carci- 
noma, all tumours that could be removed at operation should be treated surgically. In- 
operable but anaplastic tumours should be considered first for conventional radiotherapy 
rather than for radioiodine treatment. He thought that inoperable but differentiated 
tumours should be investigated with radioiodine after initial removal of all normal thyroid 
tissue, and then treated by this means if radioiodine uptake was demonstrable in the 
tumour. 


6. Dr. E. N. Rowxanps and Dr. P. H. FrrepLanpER (introduced) discussed the 
Relationship between Motility and Pain in Peptic Ulcer. They said that observations were 
made on patients with benign uncomplicated peptic ulcers. Motility was recorded from 
balloons in the antrum or duodenum, and gastric acidity was recorded simultaneously. 
No evidence was obtained that ulcer pain was associated with gastric or duodenal contrac- 
tions or with the level of tone. When all contractions were abolished and the tone of the 
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gut was lowered by hexamethonium, the patients obtained no relief from pain. They 
emphasized the fact that hexamethonium always inhibits motility, but has no effect on 
the pH of gastric contents. The observations were made during severe attacks of typical 
ulcer pain, which was promptly relieved by neutralization of the gastric contents. They 
concluded that the attacks of pain associated with uncomplicated peptic ulcer are not 
caused by muscular contractions or by increased tension in the stomach or duodenum. 


Proressor G. W. PIcKERING said that he and Mr. Bonney had shown that ulcer pain 
was due to the chemical action of acid, and not to general or local contractions of the 
stomach. It had now been further shown that the pain was not due to contractions, or to 
an increase in the level of tone, in the duodenum. 


Dr. AvERY JONES emphasized the fact that these patients were suffering from severe 
pain when the observations were made. He was surprised that hexamethonium did not 
raise the pH of the gastric contents, as it had been reported to inhibit the spontaneous 
secretion of hydrochloric acid. 


Dr. RowLaAnDs, in reply, said that in their experience hexamethonium did not raise 
the pH of the gastric contents significantly, even when given in large doses by frequent 
intramuscular injection. The reports that it produced achlorhydria were based on experi- 
ments in which the stomach was emptied before administering the drug and kept empty 
thereafter by continuous aspiration. 


2.15 p.m. Afternoon Session 
Symposium 

In the afternoon a symposium on Chronic Bronchitis was held. Prorrssor J. G. Scap- 
DING, opening the discussion, said that several systems of classification were current in 
nosology. The principal of these were the clinical, on a simple descriptive basis; the 
pathological, on a morbid anatomical basis; and the aetiological, on a causal basis. Al- 
though ‘chronic bronchitis’ belonged etymologically to the pathological system, it could 
be defined only in terms appropriate to the clinical or descriptive system. This difficulty 
had been recognized by Badham when he introduced the term into medicine in 1808, and 
led Laennec to prefer the term ‘pulmonary catarrh’. Although the name was a misfit, it 
was so generally used that confusion would have been created by attempting to change it, 
and the following definition was suggested: ‘Chronic bronchitis refers to the condition of 
those patients suffering from chronic or recurrent cough with expectoration, and usually 
effort-dyspnoea, in whom these symptoms are not caused by disease of the lungs, by 
localized disease of the bronchi, trachea, or upper respiratory tract, or by primary cardio- 
vascular disease.’ The group so defined had tended to be neglected clinically, although 
certain of its aspects had been subjected to intensive specialized investigation. A new 
approach on broad clinical lines, with a view to the analysis of the descriptively defined 
group into sub-groups defined on pathological or aetiological criteria, might have been 
fruitful. The importance of the problem was illustrated by the very large mortality and 
morbidity attributed to ‘chronic bronchitis’. It was assigned as a cause of death with 
about the same frequency as pulmonary tuberculosis, and twice as frequently as bronchial 
carcinoma ; and about 7 per cent. of absences from work due to sickness were certified as 
being due to it. 

Dr. NEVILLE Oswatp discussed the Clinical Features, Aetiology, and Treatment. He 
said that during the past two years he had investigated about 500 out-patients with 
chronic bronchitis and 47 in-patients. The disease was largely one of men, with a fairly 
strong family history and a high mortality rate. Fogs, mists, and cold weather were un- 
favourable climatic factors. The disease was of insidious onset in about half the cases, and 
acute in the rest. The relationship to emphysema and bronchospasm was discussed. 
Radiological appearances of the bronchi showed great variations in calibre. The most 
effective single form of treatment had seemed to be physiotherapy, which might best be 
carried out in a convalescent home. 


Proressor R. E. Lane discussed the Occupational Factors. He said that the data 
available on the relationship between chronic bronchitis and occupation were scanty and 
out of date. He demonstrated the importance of other environmental factors. The death- 
rate for chronic bronchitis in men was two to three times greater than in women of the 
same age, and this excess was greater in urban areas. A tentative hypothesis based on 
occupation was advanced to explain these facts, and was illustrated by charts. 


Proressor C. H. Stuart-Harris spoke on the Factor of Infection. He first discussed 
the bacteriological findings in chronic bronchitis, and pointed out that this investigation 
demanded a knowledge of the normal flora of the respiratory tract. Chronic bronchitis 
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could be considered as a process divided into stages. He therefore subdivided his clinical 
material of 113 cases into patients admitted for investigation (28), patients with acute 

_ exacerbations of chronic bronchitis (50), and patients with congestive heart failure (35). 
The results of sputum culture and examination for influenza virus infection in these groups 
were given. The significance of the findings were considered in relation to the results in 
cases of pneumonia and of bronchiectasis in Sheffield, and to the normal nasopharyngeal 
flora. The clinical effects of treatment with antibiotics were briefly described. 


Dr. C. E. Daviss spoke on the Relation of Heart Failure to Chronic Bronchitis. He re- 
ported the findings in 64 patients, suffering from pulmonary heart failure, who had been 
observed in the last five years. Of these 58 were men and 6 were women. The majority 
were between 40 and 60 years of age. In 51 of the 64 patients pulmonary heart failure was 
due to chronic bronchitis and emphysema, without other chest disease. Recent studies of 
the blood-gases in patients suffering from chronic bronchitis, with and without heart 
failure, had shown that almost all the former had an arterial oxygen saturation below 
70 per cent. and a whole (arterial) blood carbon-dioxide content of over 60 volumes per cent. 
The patients with chronic bronchitis alone showed a higher arterial oxygen saturation and 
a lower carbon-dioxide content. When the blood-gases of patients with pulmonary heart 
failure reached the levels found in chronic bronchitis, oedema and venous congestion 
disappeared, and the ability to excrete a high salt and water intake was restored. 


PROFESSOR ARNOTT introduced the demonstration of tests of respiratory function. He 
advised starting with simple tests, and said that cardiac catheterization and studies of 
pulmonary artery pressure were unrewarding without a well-trained team. He thought 
that one of the biggest rewards was the acquisition by the clinician of a physiological out- 
look towards pulmonary disease. A demonstration was provided by Professor Arnott and 
his staff from the Department of Medicine, Birmingham, showing tests of ventilatory 
function, measurements of lung-volume, blood-gas analysis, and other methods. There 
were also demonstrations illustrating social factors in chronic bronchitis, and examples of 
bacteriological and radiological investigation. The various speakers who took part in the 
discussion included Dr. I. J. Davies, Dr. C. M. Ftetcuer, Dr. F. H. Youne, Dr. ALIcE 
Stewart, Dr. C. J. Gavey, Proressorn McMicwakEt, and Dr. GuMPERT. 


In summing up, PROFESSOR CHRISTIE explained that the discussion had revealed our 
ignorance not only of the aetiology of chronic bronchitis, but also of its course and prog- 
nosis. The opening and subsequent speakers had contributed evidence that was of great 
interest, and the lines along which further investigation should be directed had been clearly 
shown. 

Annual Dinner 


The Annual Dinner was held in the Cutler’s Hall. The President, Dk. GURNEY YATES, 
was in the Chair. The toast of the Association was proposed by the President, and that of 
the Guests by Dr. D. V. Hussite. The Lord Bishop of Sheffield, the Ricut Rev. L. 8. 
Hunter, replied, and Sir Irvine Masson spoke on behalf of the University. The toast of 
the President was proposed by Dr. C. Gray Imriz. 


Saturday, 9.30 a.m. Morning Session 


7. Dr. M. Hamitton, Dr. G.S. C. Sowry (introduced) and Prorressor G. W. PICKERING 
described an investigation into the Incidence and Inheritance of Essential Hypertension. 
Dr. Sowry gave an account of the behaviour of the blood-pressure in a random sample of 
the population, comprising 2,031 out-patients attending clinics not known to be associated 
with hypertension. He showed that mean casual pressures rise with age, the relationship 
being linear for diastolic and parabolic for systolic pressures. The blood-pressures of 376 
relatives of subjects with diastolic pressures of 85 mm. Hg or less, and of 387 relatives of 
subjects with benign essential hypertension who had diastolic pressures of 100 mm. Hg or 
above, had been measured. Whereas the mean pressures at each age of the relatives of 
subjects with normal pressures were similar to those in the random sample, those of the 
relatives of hypertensive subjects were higher at all ages from 20 to 70 years. Statistical 
analysis confirmed this fact, and showed moreover that mean blood-pressures did not rise 
with age appreciably faster in the relatives of subjects with hypertension. The analysis 
also established the validity of the methods used to investigate relatives, by showing no 
significant differences between the random sample and the relatives of normal subjects. 
He said that a study of the distribution of pressures at each decade showed that the rela- 
tives of hypertensive subjects had a greater incidence of high pressures, a smaller incidence 
of low pressures, and higher modal pressures than the relatives of normal subjects or the 
random sample; these results were consistently present in both sexes, for systolic and 
diastolic pressures, and for all ages from the second to the eighth decades. These findings 
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provided evidence that essential hypertension was an inherited characteristic ; the nature 
of the inheritance was still under investigation. 


Dr. R. W. PARNELL said that he had been most interested in the finding that the 
younger relatives also had comparative hypertension. In his work, from the study of the 
constitutional map, it had been possible to show areas where blood-pressure was compara- 
tively high at the age of 20. He thought that the best prospect of preventing hypertension 
lay in further study of constitution, using the new techniques. 


Proressor R. PLatr congratulated the authors on their work, and asked whether the 
rise in mean arterial pressure with age was due to a general rise in pressure of the whole 
population, or to the fact that whereas some subjects remained normal the remainder 
were developing essential hypertension. 


Dr. Buiack asked whether the hypertensive propositi had lost a greater proportion of 
their parents. 


In reply Dr. Sowry stated that no correlation with obesity or body-build had been 
attempted. It appeared that two factors were responsible for the rise of mean pressures 
with age, namely, an increasing incidence of abnormally high pressures and a rise of the 
modal pressure. He said that higher mortality was found amongst the parents of hyper- 
tensive propositi. This was perhaps in part due to their shorter expectation of life, but was 
also in part explained by the higher age of the hypertensive propositi. 


8. Dr. F. Wemyss Smita (introduced) discussed the Value of Fundus Photography in 
Hypertensive Retinopathy. The Zeiss-Nordenson fundus camera, he said, provided the 
only objective technique of recording the appearances of the ocular fundus, and with its 
aid 85 examples of retinopathy due to hypertensive disease had been collected. On re- 
viewing these cases it became apparent that certain patterns of retinopathy were occurring. 
While the retinal lesion in benign and malignant essential hypertension tended to be focal 
in nature, in hypertension secondary to renal disease it was widespread in the posterior 
part of the eye, and the soft ‘cotton-wool’ exudate was a prominent feature. It seemed 
unsatisfactory, even on the findings in this small series, to collect these differing patterns 
into one group of hypertensive or angiospastic retinopathy. 

PROFESSOR PICKERING said he was glad someone was keeping objective records of the 
fundus in hypertension, and hoped the changes would be correlated with the post-mortem 
findings, and particularly with arterial injections. He could not agree that the appearances 
of neuro-retinitis of the malignant phase differed in patients with essential hypertension 
from the appearances in patients with primary renal disease. This conclusion was reached 
after many years of observation, and agreed with that of Volhard, whose experience was 
most extensive. 


Dr. GAVEyY stressed the importance of papilloedema in malignant hypertension. Papil- 
loedema was occasionally seen before haemorrhages and exudates appeared, and then the 
differentiation from intracranial tumour was difficult. That papilloedema in malignant 
hypertension was at least mainly due to increased intracranial pressure was suggested by 
the rise of cerebrospinal fluid pressure to about 300 mm., as shown by Pickering years ago, 
and recently by Ashton from injection studies of the optic nerve-head. In later stages, 
with haemorrhages and exudates, the distinction from chronic nephritis might be impos- 
sible. 


In reply to Professor Pickering, Dk. Wemyss SMITH agreed that more observations were 
desirable, particularly if these could be correlated with histological studies. 


9. Dr. W. Rircuie Russe. spoke on Degeneration of the Spinal Cord in Association 
with Spondylosis of the Cervical Spine. He pointed out that degenerative changes of the 
cervical spine (spondylosis) are common in later life, and often cause no symptoms. Self- 
inflicted trauma to nerves was an important factor in occupational neuritis such as that 
of the busy housewife. Associated pathological conditions such as spondylosis of the spine 
increased the liability to occupational neuritis of this kind. During the past 15 years it 
had become evident that the spinal cord might degenerate in relation to cervical spondy- 
losis, and Dr. Russell illustrated the post-mortem findings of such a case with slides. In 
such cases the spinal cord seemed to be damaged by normal neck movements, and he 
suggested that excessive tethering of the spinal cord and dura mater might play a more 
important part in causing damage than did intervertebral disk protrusions. Myelography 
in these cases often gave inconclusive results. Dr. Russell pointed out that many other 
neurological conditions had been mistaken for this condition in the past, and that diagnostic 
difficulties were still formidable, so much so that cases must occasionally occur in which a 
cervical spondylosis was first suspected and treated as the cause of spinal cord disease, 
but in which the course of events changed the diagnosis. The medical treatment, which 
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consisted chiefly of immobilizing the neck, was often remarkably beneficial, but the possi- 
bilities of surgical treatment had not yet been fully explored. 

Dr. HucH GARLAND said that he agreed with all that Dr. Russell had said. There was 
no doubt that this was a diagnosis now made with increasing frequency, though it was often 
overlooked for many years. The diagnosis most frequently made in such patients was 
disseminated sclerosis. 


In reply, Dr. Russet agreed with Dr. Garland that many of these patients were thought 
to be suffering from disseminated sclerosis. 


10. Dr. E. A. CarmicHakEL, Dr. J. A. V. Bates, and Mr. W. McKissocx reported on 
Hemispherectomy in the Treatment of Epilepsy with Infantile Hemiplegia. Dr. Carmichael 
said that after this operation (first carried out by McKenzie in Toronto, and more recently 
by Krynauw and Cairns) fits had ceased in 10 out of 18 subjects, and were reduced in 
frequency in a further seven. Aggressive behaviour, exhibited by 15 patients, had been 
alleviated in 13. These benefits were greater in the group which had a cystic condition in 
the territory of the middle cerebral artery than in those cases with a more diffuse condition 
affecting the hemisphere. 


Proressor A. V. NEALE said that the importance of this subject was great, because an 
effective treatment of the kinds of cerebral disorder outlined by Dr. Carmichael was 
urgently required, and especially in those cases where severe behaviour problems were 
present as well as cerebral dysrhythmia. It was important to discover the optimum age 
for hemispherectomy, particularly because the contralateral hemisphere might deteriorate, 
and lose some of its post-operative compensating influences. He thought there was no 
doubt that this new surgical approach was a brilliant advance. 


PROFESSOR PICKERING said he had been impressed and surprised by the extent to which 
motor and sensory function was retained after hemispherectomy in the cases which 
Mr. Krynauw had shown him in 1949, and in Dr. Carmichael’s cases. What was the ex- 
planation ? 

In replying to Professor Pickering, Dr. CARMICHAEL reported that Dr. Bates, by elec- 
trical stimulation of the medial surface of the remaining hemisphere, had produced move- 
ment in both the contralateral and ipsilateral limbs. He was unable to state the best age 
at which to undertake this operation. Experience had indicated, however, that partial 
ablation had proved unsatisfactory. 


11. Proressor NEALE described a case of Lipo-atrophic Diabetes Mellitus. He said that 
the first signs of the disease were noted at the age of three years, but no ill effects were 
noted until nine years later. In the early stages there were no symptoms of diabetes 
mellitus. He described in detail the biochemical findings, and said that the girl, now aged 
15 years, was remarkably active, with excellent muscular power. He discussed the 
possible pathology of the condition. 

Dr. HucH GARLAND said this was an extremely rare syndrome. He pointed out that it 
had been suggested that the condition was determined by a genetic factor. He wondered 
if consanguinity had been looked for in the parents of this patient. 


12. Dr. E. G. L. Bywaters and Dr. E. DrEsNER (introduced) discussed The Prognosis 
in Rheumatoid Arthritis, from observations made on 250 patients followed for an average 
of six years. Dr. Dresner said that the course of the illness was assessed by measurements 
of functional status at four observation periods. Although the number of patients fully 
employable increased at each successive period of observation, there was also an increase 
in the number of dependent patients, so that the mean functional status of the group had 
on the whole remained unchanged. In discussing the prognosis for the individual patient 
he showed that, of those fully employable at first attendance, 46 per cent. had remained so 
after five years, and of those with only minor disability at first attendance, 27 per cent. 
had remained so, or had become functionally normal, after five years. Fifty-nine per cent. 
of patients with a moderate degree of disability initially were functionally normal after 
five years. He discussed the diagnosis between these benign types of rheumatoid arthritis 
and rheumatic fever. In analysing the course of the illness certain factors were found to 
be associated with a favourable outcome. These were the female sex, a low age of onset, 
- a short duration of illness at first attendance, a low erythrocyte sedimentation rate, and 
the absence of anaemia and of radiographic joint changes at first attendance. He con- 
cluded that mild forms of rheumatoid arthritis with a fairly good functional prognosis were 
probably commoner than has been generally thought. 


13. Dr. G. M. Witson and Dr. H. MILter (introduced) reported on The Measurement 
of Total Exchangeable Sodium in Man, with Particular Reference to the Action of Cortisone in 
Addison’s Disease. Dr. Wilson said they had found that intravenously injected *4Na 
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rapidly left the vascular system and diffused throughout the body, exchanging with the 
normal **Na present in the extracellular fluid and tissues. This exchange was complete 
after 12 hours in skin, muscle, and gastric juice, but proceeded more slowly in lumbar 
cerebrospinal fluid, where it was not complete until approximately 36 hours after the 
injection. In bone only between a quarter and a third of the sodium was exchangeable, 
and this fraction did not apparently increase with the passage of time during the 12-to-24- 
hour period. He pointed out that the sodium space, determined by measuring plasma 
radioactivity, was a measure of the extent to which the injected 24Na was diluted in the 
body, after allowing for urinary excretion. The total exchangeable sodium, that is the 
amount of sodium in the body with which the isotope had exchanged, might be calculated 
from the sodium space and plasma sodium concentration. These measurements had been 
made after 12- and 24-hour equilibration periods, and were reproducible in the same subject 
within +6 per cent. He had also found that, in cases of Addison’s disease with normal 
electrocardiograms, the sodium space was within the normal range, and did not change 
significantly after the administration of cortisone for three months. In four patients with 
abnormal electrocardiograms the administration of cortisone, 25 mg. a day, had led to a 
great reduction in sodium space, which took place gradually during a period of two to 
three months. Coincident with this reduction had been a gain in body-weight, and the 
electrocardiogram returned towards normal. He thought that evidence suggested that in 
these patients with abnormal electrocardiograms the action of cortisone was to reduce an 
abnormally high intracellular sodium concentration. 


Dr. G. A. SMart said that he was interested to hear of Dr. Wilson’s unexpected results 
in finding abnormally great amounts of ‘exchangeable sodium’ in his cases of Addison’s 
disease. He had estimated total exchangeable body potassium in two cases of untreated 
Addison’s disease, and found it abnormally high. It would be very important, he thought, 
to find whether a high potassium and a high sodium occurred in the same patient. 

In reply Dr. WILSON said that the results of simultaneous measurements of total ex- 
changeabie potassium and sodium were not yet available. It was hoped that by combining 
these determinations with measurements of extracellular fluid volume it would be possible 
in the future to gain more definite information as to the intracellular concentration of these 
cations in Addison’s disease. 

14. Dr. H. N. Rosson (introduced) discussed the features of Myelosclerosis. He pointed 
out that the majority of the cases described in the literature conformed to a fairly constant 
pattern of clinical findings. The features of nine personally observed cases were used to 
illustrate this usual course of the disease, with reference to clinical and haematological 
findings, treatment, prognosis, and aetiology. A number of reported cases, however, 
deviated in various ways from this common course. In some instances there was an ap- 
parent relationship to polycythaemia vera, and he described three further examples of 
such cases. In other cases there were points of resemblance to chronic myeloid leukaemia 
or to megakaryocytic leukaemia, and he illustrated such developments in a further three 
cases. He suggested that the features of these atypical forms of the disorder supported the 
belief that myelosclerosis was not a degenerative condition of the bone-marrow, but was 
a proliferative disorder of mesenchymal tissue, akin to polycythaemia vera or to leukaemia. 


Dr. R. Boptey Scorr said that splenectomy was not always contra-indicated in 
myelosclerosis; it might, in fact, be positively indicated. The conditicns in which the 
spleen became a danger were, first, enlargement so enormous so as to constitute a mechanical 

. embarrassment, secondly the onset of haemolysis, and thirdly the occurrence of marked 
‘hypersplenic’ effects. Many cases were recorded in which patients received great benefit 
from splenectomy for this disease. 


Dr. J. S. RicHarpson confirmed the clinical types to which Dr. Robson had referred, 
all of which he had seen. He agreed with Dr. Bodley Scott that splenectomy was not 
invariably contra-indicated in these cases. It might be forced on the practitioner. He said 
he had observed a patient for some years whose condition showed little change until 1951, 
when she began to haemolyse her blood very rapidly and required transfusions at least 
every 10 days. Her spleen had been removed in October 1951, and she had since required 
no further transfusions and had remained in remarkably good health. 


Dr. M. G. NEtson described a case which had been observed for many years and had 
finally responded to anti-leukaemia therapy; he thought that this supported the theory 
that myelosclerosis was closely related to leukaemia. 


Dr. Rosson, replying, said that there were always exceptions to any rule. In certain 
cases there might well be haemolytic activity or ‘hypersplenism’, but it »vould be unwise 
to suggest that splenectomy could be applied as a general method cf treatment in this 
condition. 


